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INTRODUCTION 
In support ofthe focus on improved perfonnance of health systems! this study fonns part 
of an on-going project aimed at establishing indicators for the perfonnance and 
sustainability of Clinical Engineering Services2, as an integral part of cost-effective 
healthcare service delivery. The study itself develops a working framework for 
achieving the objectives ofthe project. 
The general function of a Clinical Engineering Service is to provide a supportive role in 
the planning, evaluation, procurement, installation, utilisation and maintenance of 
medical devices (defined as including all medical/surgical devices, equipment and 
instruments). However, the boundaries of these support roles are not clear and well-
defined, as what applies to one country or institution does not necessarily apply to 
another. Also, a clinical engineering service can range from one isolated but dedicated 
individual to a fully equipped department with professional and technical/artisan staff, 
supported by adequate technological and administrative infrastructures, to a shared 
regional/central resource centre. 
Alongside the change in scope and function of Clinical Engineering Services over the 
years, is the shift from being primarily task-driven to being more business-oriented and 
cost-justified. A further development has been the adoption (sometimes imposed) of 
various international trends in business and management, e.g. total quality management, 
benchmarking, re-engineering, outsourcing of non-core business activities and most 
recently, 1S09000 standard accreditation. As sustainability is often dependent on issues 
of cost-effectiveness and relevance, and associated perceptions of institutional / 
1 The World Health Report 2000 - Health Systems: Improving Performance. World Health Organization, 
Geneva (2000) 
2 Units responsible for providing this service are known variously as Clinical Engineering Departments, 
Health Care Technical Services, Medical Physics Departments, Biomedical Technology / Engineering 
Services, Medical Apparatus / Equipment Workshops, etc 
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organisational stakeholders, these considerations may threaten otherwise successful 
departments or services with closure. 
Rationale for the Study 
The 200 World Health Report suggests four keyfunctions of a health system, viz. service 
delivery, capacity building, financing and stewardship, and three key health system 
inputs, viz. human resources, capital investment (in physical assets such as buildings and 
equipment) and consumables (including drugs). 
Many countries (and notably developing and emerging economies) are under-resourced 
in terms ofwhat is needed for equitable service delivery of acceptable quality, as well as 
the management-level skills needed to maximise the impact ofhealthcare technologies on 
service delivery. Within this context healthcare technology management (HTM) 
practitioners and activities are being increasingly recognised for their contribution to 
health system performance. There is thus an urgent need to (i) build HTM management 
capacity and (ii) develop effective HTM tools while at the same time (iii) developing 
indicators for HTM performance and sustainability. 
This study, which follows and complements preVIOUS work by Frize (1990) and 
Glouhova (1999), focuses on the last-mentioned and specifically on the development of 
indicators for Clinical Engineering Services, be they situated within a health facility or a 
shared I regional resource centre. These indicators will form qualitative and quantitative 
components of a tool for objective assessment and comparison of Clinical Engineering 
Services in different settings, as well as identifying pointers to performance, cost-
effectiveness and sustainability. This in tum will contribute to improved management of 
these services, with the overall aim of improving the performance and quality of 
health care delivery. 
LITERATURE REVIEW 
As a background and theoretical framework for the methodology, the literature review is 
divided into three sections: 
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I 
I. A background to the field of Clinical Engineering 
II. A background to developments in management and measurement of service 
perfOlmance 
ID. Literature on the performance and sustain ability of Clinical Engineering 
Services 
I Background: Clinical Engineering 
Following the history and evolution of the field, major findings were that clinical 
engineering is a new and continually evolving field - with its role and function changing 
over time. It is however, developing at different rates, depending on such factors as 
region, available infrastructure, health policy, recognition, socio-political and economic 
environment. 
The rapid infiltration and increasing necessity for medical equipment in healthcare dictate 
a need for well-managed medical equipment management and maintenance systems. This 
is compounded - especially in developing countries - by the large percentage of 
inoperable equipment due to malfunction and lack of maintenance. Commonly 
identifiable factors for this include: lack of awareness and management expertise, lack of 
organisational policy, technical services infrastructure, qualified manpower and 
information support. Clinical engineering services, by their definition and as part of the 
Healthcare Technology Management spectrum, have a crucial role to play in improving 
health care service delivery. 
Clinical engineering services are shifting from being primarily task-driven to being more 
business-oriented, cost-justified and bottom-line-focused. The existence of clinical 
engineering services is thus being threatened by such trends as downsizing, outsourcing, 
and budget constraints. This is true for both developed and developing countries. There is 
therefore need for CES's to justify their performance and sustainability on the same basis 
as any business. Indicators are essential for the survival of any organisation, and are a 
necessity for effective management of change. However, universal standards for clinical 
engineering do not exit. While studies have been performed on the status of clinical 
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engineering at a given time, little research has been conducted on their performance and 
sustainability. There is thus a need to identify critical and universal indicators for clinical 
engineering - and a comprehensive methodology required to develop these measures. 
II Background: Developments in Management and Measurement of Service 
Performance 
It is important to look at international trends in the business/engineering management 
world as a whole. Four trends prevalent in the 1990's are outlined, namely: 
benchmarking, re-engineering, quality (total quality management / quality assurance) and 
outsourcing. Two common themes emerge as being relevant and crucial to the study -
performance measurement and quality. 
Performance measures are vital for the effective management of any organisation, and 
include such benefits as: (i) establishing an initial baseline "as is" performance level, 
establishing desired goals and determining the "gap' between the two, (ii) tracking 
progress, (iii) enabling comparisons and benchmarking with competitors, (iv) identifying 
problem areas and (v) increasing awareness of stakeholders and decision-makers and thus 
assisting in planning for the future. 
Effective performance measures, apart from being accurate, should satisfy certain 
criteria, namely: (a) they should reflect and respond to the needs and expectations of the 
customer/client receiving the seIVice; (b) they should be integrated with the 
institutional/departmental mission, vision, strategy and objectives; and (c) they should be 
aligned with the major functions and business processes aimed at fulfilling the first two 
criteria. 
1n addition, it is imperative to identify measures that provide the greatest information and 
are most usable. Key factors in the 'family of performance measures' typically include: 
productivity, quality, timeliness, resource utilisation, costs and cost-effectiveness, cycle 
time and outcome or outputs of the system. 
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Quality, which has various definitions depending on its context - and can simply be 
described as 'confonnance to requirements', is a comprehensive and multifaceted 
concept. Experts generally recognise several distinct dimensions of quality, which 
specifically for health services include: technical competence, access to service, 
effectiveness, interpersonal relations and communication, efficiency, continuity, safety 
and amenities. 
Quality Assurance describes all the planned and systematic actions that are carried out to 
set standards, and to monitor and perfonnance so that the service provided is as effective 
and safe as possible, i.e. 'doing the right thing, the right way'. Four basic principles 
should be adhered to in an ideal quality assurance programme, viz: (i) a focus on client 
needs, (ii) a focus on systems and processes, (iii) a focus on data to analyse service 
delivery processes and make decisions and (iv) a focus on participation and teamwork in 
quality improvement. 
It is evident from the literature that perfonnance measurement (and hence indicator 
development) and quality are interdependent. 
III Performance and Sustainability of Clinical Engineering Services 
This section of the literature review focuses on developing and defining indicators for 
Clinical Engineering Services. 
As a precursor to indicator development, certain data elements have to be collected, 
stored and analysed and stored in a Clinical Engineering Database on a continual basis. 
These include infonnation on service provided, in-house labour, medical equipment 
inventory and parts lists and timeliness. 
In order to develop perfonnance indicators a step-by-step methodology has to be 
developed, including: mission statement, customer expectations, key outputs, major 
functions, output & input measurement selection and index construction. 
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While it is important to measure all the right variables, in addition there are certain 
operational requirements for an effective measurement system, including: validity, 
completeness, accuracy/reliability, effectiveness, quantifiable, long-term consistency, 
accountability, sufficient detail and easily understood terms. 
Once indicators have been defined, a threshold must be established and indicators 
monitored and evaluated on a continual basis, while identifying and implementing quality 
improvement opportunities. 
A general definition of an indicator is that it is an objective, quantitative measurement 
of an outcome or process that relates to performance quality. There different types and 
classifications of indicators, selVing different functions, viz.: programme, outcome, 
process, structure indicators and individual event or aggregate data indicators. 
A large n~mber of potential indicators have been proposed in clinical engmeenng 
literature, but not tested or validated. The WHO has also established the need for 
indicators - specifically the role of physical infrastructure and technology - associated 
with certain key factors, to ensure the sustainability of health systems. 
As cost-effectiveness / affordability is a major consideration in determining sustainability 
ofeES's, both in developed and developing nations certain costs need to be considered 
i.e. medical equipment life-cycle costs, labour costs and pricing options of the various 
clinical engineering selVices and their competitors. 
METHODOLOGY 
The methodology is described as a 3-phase process, including the (i) development and 
testing of a preliminary questionnaire, (ii) the development and administration of four 
questionnaires aimed at specified target groups, and (iii) the analysis and reporting of the 
results. 
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Phase 1: Definition of Research Problem and the Preliminary Questionnaire 
Various research methods for obtaining the necessary infonnationldata were considered 
at the outset of the study, including the use of secondary data, observation (through site 
visits) and extensive interviews. The survey method was finally considered to be the most 
appropriate research methodology for collecting primary data for the study based on the 
following considerations: (i) the need to collect large amounts of previously unavailable 
infOlmation from a variety of sources, (ii) the need for the collected infonnation to be in a 
standardised fonnat, given the fact that the field is still evolving and that there are 
region!institutional-specific differences in clinical engineering practice and (iii) the fact 
that both qualitative and quantitative data was required. 
The next step in the design of the research methodology was targeting relevant 
participants for the study. Relevant participants are described as those individuals, units 
or organisations that have a significant impact (direct or indirect) on the perfonnance and 
sustainability of clinical engineering services. Due consideration identified four discrete 
target groups: 
• Institutional! health facility management (including nursing management) 
• Clinical Engineering Service personnel (both managerial and technical) 
• Clinical Engineering Service clients, i.e. users and beneficiaries (including 
doctors, nurses, allied health professionals) 
• Representatives ofnationaVprovincial ministries of health and international HTM 
experts (including representatives of multilateral organisations and bilateral 
agencies, as well as technical consultants). 
As a prerequisite for the design of the survey instrument, objectives for the questionnaires 
were defined as: 
• Obtain general mission and basic strategy of Clinical Engineering Services 
• Gather infonnation about the functions and services of different Clinical 
Engineering Services 
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• Determine general expectations and perceptions of clients employing Clinical 
Engineering SelVice selVices 
• Develop a general consensus on the importance of Clinical Engineering SelVices 
in any institution, organisation, region or socio-political environment 
• Gather information pertaining to quality, performance, cost-effectiveness and 
sustainability of Clinical Engineering SelVices 
• Challege the literature review obselVation on: 
o trends affecting Clinical Engineering SelVices III recent years (e.g. 
business-oriented focus, TQM) 
o sustainability of Clinical Engineering SelVices being threatened in the 
differing environments (e.g. due to downsizing, rationalisation) 
• Develop a set of standardised key indicators to be used in assessing Clinical 
Engineering SelVices. 
The objectives were subsequently translated into the development of the preliminary 
questionnaire, which included the following elements: 
• General information about the institution being supported by/employing the 
Clinical Engineering SelVice 
• Specific selVices provided and activities performed by the Clinical Engineering 
SelVice and their relevance to the institution it supports 
• Mission, vision, objectives and strategic goals 
• Customer expectations and perceptions 
• Equipment management system used by Clinical Engineering SelVice 
• Performance 
• Budgets and cost-effectiveness 
• Sustainability of Clinical Engineering SelVices 
• Quality and Quality Assurance, including accreditation, certification 
• Business/management trends affecting Clinical Engineering SelVices 
• Measures of performance, cost-effectiveness and sustainability of Clinical 
Engineering SelVices 
• Factors impacting on CES performance and sustainability 
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• CES indicators. 
Testing the questionnaire proved that although the elements it contained were relevant 
and pertinent to the field of Clinical Engineering, the instrument itself was ineffective in 
providing useful data. Reasons for this varied, but of vital importance was that the 
questionnaire was specifically aimed at clinical engineering personnel and experts - and 
did not include the other three aforementioned target groups. The research methodology 
therefore had to be revised. 
Phase 2: Developing and Administering the Final Questionnaires 
Drawing on additional literature describing the design ofperfonnance measures in other 
fields, a new framework was developed. These studies provided a backbone for 
developing a methodology aimed at designing perfonnance and sustain ability indicators 
specific to Clinical Engineering and are as follows: 
• Rapid Evaluation Method (REM) (Anker et ai, 1993), which was developed by 
WHO in order to assess the perfonnance and quality of health services, identify 
operational problems and assist in taking managerial action. REM consists of 
observation- and survey-based diagnostic activities, carried out mainly in healthcare 
facilities; and aims at bringing prompt and relevant infonnation to planners and 
decision-makers. The methodology of REM consists of an 'Issue-Infonnation Matrix' 
- a framework with three dimensions: (i) dimension one deals with issues reflecting 
specific health or programme problems, (ii) dimension two identifies infonnation 
sources from stakeholders and (iii) dimension three describes the method of 
collecting the infonnation. 
• The Management-by-Variance Tool (Rinks & McNay, 1999), which was created 
for perfonnance assessment of the facilities management (FM) department ofa major 
financial services company. This was driven by the absence of an acceptable set of 
standardised perfonnance parameters or indicators for the FM function, and the need 
to clarify and prioritise the indicators that correlated the views of the customer and 
department in question. The methodology consists of (i) consultation of an expert 
group comprising of all stakeholders, (ii) definition of the research problem, (iii) 
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selection and short-listing of Key PerfoITIlance Indicators (KPls) (through frequency 
of votes, (iv) prioritising KPls using a grading system and (v) rating of FM 
perfoITIlance against the identified KPIs. 
• The Performance Measure Record Sheet (Neely et ai, 1997), which addresses the 
fundamental question "what does a well-designed perfoITIlance measure constitute?". 
Drawing from an extensive literature review on perfoITIlance measurement, the 
authors present recommendations for the design of perfoITIlance measures. A 
framework, the perfoITIlance measure record sheet, is then presented - based on the 
recommendations - that can be used to design and audit perfoITIlance measures. 
Drawing on relevant elements of these studies, plus the literature review and texts on 
questionnaire design, a framework for Phase 2 of the methodology was developed as 
follows: 
1. Construction of an issue-infoITIlation matrix, viz.: (i) dimension one consisted of 
a further refined list of the issues identified for the preliminary questionnaire, (ii) 
dimension two - infoITIlation sources identified as the four target groups 
stipulated in the study and (iii) dimension three which was adapted to indicate the 
structure of questions asked in the instrument i.e. qualitative (open-ended) or 
quantitative (closed). 
2. Decision to develop four separate questionnaires, specific to each target group -
as opposed to a single questionnaire with branching of sections for different 
groups 
3. The development of the four questionnaires, which were divided into two discrete 
sections: 
• Part 1 of each questionnaire comprised mostly of open-ended 
(unstructured) questions, aimed at gauging opinions about Clinical 
Engineering Services (either specific or general) from the individual 
groups. The topics that were addressed for each group are specified in the 
issue-information matrix. The specific questions asked were developed 
from the preliminary questionnaire and the literature review. Part 1 fOITIled 
the qualitative section of the study. 
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• Part 2 was structured, requiring respondents to rate a list of proposed 
indicators according to a predetennined scale, as well as adding any 
additional indicators that they felt would be suitable. The list of indicators 
proposed was derived from the available literature and current best 
practice. The management-by-variance tool was used to develop the list, 
which was subsequently short-listed using the peiformance measure 
record sheet. This part was identical for all respondent groups (i.e. in all 
four questionnaires) and fonned the quantitative section of the study. 
4. Composition of cover letter, glossary and bibliography 
5. Pre-testing, piloting and revising the questionnaires: The development of the 
questionnaires was cyclic, requiring repeated pre-tests and revisions until 
minimal problems and sources of error were detected. Numerous revisions were 
carried out during the development of the questionnaires. During the preliminary 
and intennediate stages of the questionnaire development, several people were 
consulted for their opinions and input. These consisted of research methodology 
experts in other fields, for their input on the technical aspects of the 
questionnaires; and clinical engineering/ HTM experts for their input on the 
content of the questionnaires and sample respondents for the effectiveness of the 
instrument. 
6. The administration of the questionnaires: Three verSIOns of each of the 
questionnaires were designed, namely a standard laser-printed mail (paper) 
version, and email (electronic) version and a web-based version. Lack of 
participation reduced the pilot study to four institutions within the Western Cape, 
South Africa, namely: Groote Schuur Hospital, Tygerberg Hospital, Vrijzee and 
Red Cross Children's War Memorial Hospital. Additional contributions were 
collated from HTM workshops that were held during the course ofthe study plus 
a few responses from the international community. The study canvassed a larger 
number ofCES's through the PABO Infratech list server / discussion group and 
has been put up on the IFMBE (International Federation for Medical and 
Biological Engineering) website, as part of an ongoing study. 
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Phase 3: Res ults 
The final phase of the methodology consisted of analysing data and reporting the results 
of the pilot survey, and subsequent analysis of the questionnaires to determine the 
applicability and effectiveness of the developed instrument. Qualitative components of 
the questionnaires were analysed by categorisation (coding) of data, revealing dominant 
themes and trends. Due to the exploratory nature of the study, and low response rates, 
quantitative data was analysed using descriptive statistics. Although the study served as a 
pilot study - testing the developed framework - results proved to correspond with the 
objectives of the questionnaires and corroborated with evidence and speculation derived 
from the available literature. 
GENERAL DISCUSSION 
The questionnaires designed for this study produced a substantial amount of information 
regarding the Clinical Engineering Service function and general opinions of relevant 
stakeholders. An examination of the results revealed a fair number of recurring themes 
emerging from the different questions. These themes were drawn together and thus 
illustrated the significant findings of the study - particularly in the context of the 
literature review and objectives. 
• Links were found between CES mission, expectations of stakeholders and quality 
of service provided. Dominant themes emerging were that CES's should (a) playa 
supportive (technical) role in improving healthcare delivery, (b) maintain optimum 
performance of medical equipment, ensure safety of healthcare delivery, ( c) provide 
cost-effective service, (d) provide prompt, efficient and effective service and (e) 
provide professional, sustainable and quality service. All of this can be done via 
essential CES functions, which were identified as (i) specification, evaluation and 
procurement of equipment, (ii) inspection and preventive maintenance (IPMs), (iii) 
corrective maintenance (repair), (iv) functional/calibration checks, (v) strategic 
technology needs assessment and planning and (vi) safety checks. There was a 
general consensus that clinical engineering services have a positive and important 
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impact by enhancing healthcare service delivery, which is highly dependent on 
functional medical equipment. 
• Using the methods of alternative question wording and test-retest questions, certain 
advantages of in-house CES's were found. Dominant themes occurring included: 
cost-effectiveness, fast response time, availability and accessibility, accountability 
and loyalty, knowledge of institutional needs and good communication opportunities. 
• Having established that the function of an in-house clinical engineering service is 
important in supporting healthcare service delivery -with significant advantages over 
outsourced services - the questionnaires sought to identify institutional, 
organisational and socio-political factors that support the sustainability of CES's. 
Questions on factors supporting CES existence, sustainability factors and suggested 
sustainability indicators, yielded common themes. These were found to be (i) 
adequate financial resources, human resources, and physical infrastructure, (ii) 
awareness and commitment of institutional management and Departments of Health, 
(iii) stakeholder participation, (iv) performance CES technical staff, (v) 
incentives/career structure, (vi) policy, mission and strategy and (vii) cost-
effectiveness of the in-house services. These themes concurred with questions on 
appropriate/relevant strategic objectives for clinical engineering services. 
• By way of comparison or confirmation, factors hindering CES sustainability were 
identified and found to cOlTespond to questions on disadvantages of in-house CES's 
and reasons institutional management or client expectations are not met. These 
factors were primarily a lack of the supporting elements listed. Other factors 
included (i) lack of specialised knowledge, (ii) management of trends and private 
market expansion, and (iii) liability for medical equipment-related injuries or death. 
These factors point towards perceived advantages of outsourcing - and trends such as 
downsizing and economic rationalisation occurring. 
• Certain factors, which could not be translated into indicators - due to the framework 
presented - were found to have a significant impact on CES performance and 
sustainability as a whole. Of particular significance were: (i) adequate spare parts on 
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site, (ii) availability of selVice manuals, (iii) presence Quality Assurance programme, 
(iv) training, (v) a computerised and updated medical equipment inventory and (vi) 
level of participation and communication with stakeholders. 
• Part 2 of the questionnaires, after a lengthy process of evaluation and prioritisation, 
presented all respondents with the task of rating the short-listed list of proposed 
indicators according to their perceived importance. Seven indicators were found to 
be essential to the CBS function, plus four indicators of very high importance. 
These were: 
(i) cost of in-house selVice vs. cost of outsourced selVice per equipment 
type 
(ii) response time to selVice requests 
(iii) inability to perfoffil clinical procedures or extension of patient stay due 
to medical equipment malfunction (% of total no. clinical procedures) 
(iv) competencies/skills of CBS personnel (assessed via level of education 
& evidence of continuing education) 
(v) patient (or operator) injury due to medical equipment malfunction or 
unavailability (number of incidents) 
(vi) patient (or) operator injury due to medical equipment misapplication 
(vii) allocated CBS budget per year as a percentage of supported equipment 
inventory value 
(viii) evidence of proper documentation of all work done by CBS providing 
strategic and operational evidence relating to safety, cost-
effectiveness, replacement needs etc 
(ix) productivity 
(x) downtime of equipment due to lPMs or repairs 
(xi) percentage of repeat repairs. 
Given the exploratory nature of this pilot study, statistical methods (e.g. correlation) 
could not be used to measure associations between the various components of the 
questionnaires. However, simple comparisons between dominant themes emerging from 
analysis of data shows a definite level of correspondence between them. This suggests 
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that the developed framework can be used to identify essential CES perfOlmance and 
sustainability indicators - thus fulfilling the objectives of the study. 
This framework is presented as: 
1. Collect three vital elements, specific to Clinical Engineering Service: 
• Mission statement, strategy and objectives, which conform to the overall 
strategic plan of the healthcare facility/institution 
• Expectations and perceptions of institutional management and CES clients 
• Identify essential CES services - as defined by all relevant stakeholders 
2. Consider and align the elements with: 
• Specific CES performance and sustainability 'enabling' or supporting factors 
• Institutional, organisational and socio-political factors supporting CES 
existence 
3. Integrate these and use to develop critical CES performance indicators 
4. Use the indicators as a major contributor to policy and decision-making and thus 
point towards CES sustainability. 
CONCLUSIONS AND RECOMMENDATIONS 
A framework has been developed to describe performance and sustainability indicators 
for clinical engineering departments. A pilot study yielded results that correlated with 
literature and the objectives of the study, thus illustrating that it is a working framework. 
Reliability and validity tests revealed a few problems with the questionnaires, however 
general correspondence between different issues and consistency of results suggested that 
reliability and validity could be increased with a few minor changes to the questionnaires. 
The fi-amework developed was found to be applicable and valid for developing 
pelformance indicators for CES's. As part of the 'bigger picture', if extended to the 
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international community and covering a larger sample, this methodology could therefore 
be used to establish standardised measures of performance, through a self-sustaining, 
on-going process, reviewed periodically - e.g. every 6 months. A longitudinal study on 
cases in differing regions and with differing infrastructure could be carried to establish 
the universality of the measures defined. 
These could subsequently be used to guide decision-makers into assessmg the 
importance, relevance and sustainability of in-house Clinical Engineering Services 
internationally. 
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1. ACCREDITATION: certification by a duly recognised body of the facilities, 
capability, objectivity, competencies and integrity of an agency, operational group 
or individual to provide a seIVice, usually specified in the form of standards. 
2. ASSET / INVENTORY MANAGEMENT: Management of capital assets, including 
medical equipment, on the basis of asset registers (inventory). 
3. BENCHMARKING: the gathering of quantitative data, either physical or financial, to 
compare the performance of different organisations in order to identify and 
understand elements of best practice / world-class performance in a particular work 
4. 
process. 
CERTIFICATION: the procedure and action by a duly appointed body of 
determining, verifying and documenting the quality of personnel, processes, 
procedures or items in accordance with applicable requirements. 
5. CES PERSONNEL: technical staff of a clinical engineering seIVice. It is assumed 
that the CES has administrative and clerical backup. 
6. CLINICAL ENGINEERING SERVICE· (CES): a seIVice that provides a supportive role 
in the planning and development of facilities, technology and technical methods as 
they relate directly to healthcare delivery. In different environments CES's can fall 
under different names, e.g. medical equipment workshop, medical physics 
department, biomedical technology service, health care technical service, etc. The 
seIVice can range in scope from one dedicated but under-resourced individual to an 
entire department, situated within a health facility or elsewhere as a shared 
regional/central resource centre. 
• Such units are known variously as Clinical Engineering Departments, Health Care Technical Services, 
Medical Physics Department, Biomedical TechnologylEngineering Services, and Medical 
ApparatuslEquipment Workshops. 
xxx 
7. CORRECTIVE MAINTENANCE / REpAIR: Troubleshooting to isolate the cause of 
device malfunction and then replacement or subsequent adjustments of components 
or subsystems to restore normal function, safety, performance and reliability 
(Bronzino, 1992). 
8. COST OF OWNERSIllP: Cost of ownership encompasses all direct and indirect 
expenses associated with medical equipment over its lifetime. It includes 
acquisition costs, operation and maintenance costs (i.e. installation, supplies, 
training, spare parts, test equipment, transport, etc.) (David, 1993). 
9. COST-EFFECTIVENESS: The cost of a technology or of alternative technologies, 
compared to the resultant benefits, with costs and benefits not expressed by the 
same unit. Costs are usually expressed in a currency (or equivalent) while 
benefits/effectiveness are expressed in terms such as lives saved, disability avoided, 
quality-adjusted life years saved, etc. 
10. CLIENT / CUSTOMER: an individual/group/organisation receIvmg, usmg or 
impacted by a product or service. 
11. DOWNSIZING: intended reduction of personnel m an organisation, often as a 
consequence of economic rationalisation. 
12. DOWNTIME: time during which medical equipment is not available for its normal 
function (e.g. due to IPMs or repairs). 
13. ECONOMIC RATIONALISATION: management decisions based almost purely on the 
(short-term) "bottom-line" often with little or no regard for the wider (longer term) 
consequences. 
14. EFFICACY: Benefit of a technology achievable under ideal conditions. 
XXXI 
15. EFFECTIVENESS: Benefit ofa technology achievable under average conditions of 
use. 
16. EQUIPMENT PERFORMANCE MONITORlNG: Monitoring of equipment utilisation, 
cost-effectiveness, availability (uptime), etc. 
17. FACILITIES AND PLANT MANAGEMENT: A support programme that provides and 
maintains the proper environment for the delivery of healthcare services. FPM 
programmes ensure that buildings and associated utilities, transport and 
communications systems are acquired, operated and maintained in a manner that 
promotes the most efficacious and productive environment for normal hospital 
operations and the delivery of quality medical care (Bronzino, 1992). 
18. FuNCTIONAL: Equipment III good and proper working order, according to 
specification. 
19. GLOBALISATION: extension of economic activity across national and regional 
boundaries, and the functional integration of such internationally dispersed 
activities. 
20. HAZARD NOTIFICATION SYSTEM: Guidelines, procedures and mechanisms for 
informing clinical and technical personnel of emerging information on equipment-
related risks, usually due to design flaws or production/manufacturing defects. 
21. HEALTHCARE TECHNOLOGY MANAGEMENT (HTM): "An accountable, systematic 
approach to ensuring that cost-effective, safe, efficacious and appropriate 
equipment is available to meet the demands of quality patient care" (ECRI, 1989). 
Defined at the national level as "the goal of optimising the acquisition and 
utilisation of technology to achieve maximum beneficial impact on health 
outcomes" (Rakich, 1992). Such an approach requires that medical equipment 
resources be managed and that the management strategies have measurable outputs 
that are monitored and evaluated (COHSASA, 1997). 
XXXll 
22. HIGH RISK MEDICAL EQUIPMENT: Equipment associated with a high risk to the 
patient in tenns of either intended function or consequences of failure, such as 
electro-surgical units or life-support equipment. 
23. HOSPITAL ENGINEERING: Management and maintenance of health facility 
infrastructure, including services, plant, machinery and buildings (synonymous with 
Facilities and Plant Management). 
24. INCIDENT: An "incident" is defined as an event in which equipment or procedure 
has caused injury to a patient, and occasionally staff members (users/operators) or 
even visitors. The incident can be caused by specific equipment malfunction, user 
error or a combination of the two. 
25. INCIDENT INVESTIGATION An incident investigation includes: preservation of 
evidence and assessment of the overall condition of the equipment; interviews with 
involved personnel; review of maintenance history and review matters related to 
training associated with the equipment. 
26. INDICATORS: An indicator is an objective, quantitative variable that indicates or 
shows a given situation, and thus can be used to measure change. It is objective in 
that the same measurement can be obtained by different observers. 
27. IN-HOUSE CES: A clinical engineering service based within or readily accessible to 
the institution / hospital benefiting from its services. 
28. INSPECTION AND PREVENTIVE MAINTENANCE (IPM): There are three basic 
categories: (i) Periodic procedures to minimise the risk of failure and to ensure 
proper operation (including cleaning, lubricating, adjusting etc.); (ii) Functional 
testing, perfonnance verification and calibration; (iii) Safety inspection. (Bronzino, 
1992). IPMs are seen as lowering the total maintenance cost over the equipment 
lifetime, partly through extending this lifetime. 
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29. LABOUR COST (VARIABLE COSTS): Costs that are assumed to vary (linearly) with 
production volume or selVice output. They can be viewed as costs that would not 
exist ifthere were no labour force. These include salary and wages of active selVice 
staff, continuing education expenses, liability insurance costs, repair and selVice 
supplies, employee benefits, etc. (Bronzino, 1992). 
30. LITIGATION: Legal action taken as a result of patient injury due to neglect of 
medical/nursing staff or equipment failure. 
31. LOGISTICS SUPPORT: includes supply systems, information and communications 
systems, and transport. 
32. MEDICAL EQUIPMENT: defined as including all medical/surgical equipment, 
devices and instruments used in healthcare delivery; the term is used 
interchangeably with 'medical devices' or 'medical technology'. 
33. NEEDS ASSESSMENT: A formal process for assessing (equipment) needs, usually on 
the basis of audits of clinical selVices offered, on the one hand, and an audit of 
existing (equipment) inventory on the other. 
34. NORMALISED: with respect to a specified time period or other appropriate unit. 
35. OUTSOURCING: using the selVices of an outside contractor (private sector selVice 
provider) rather than in-house staff to accomplish an activity. 
36. OVERHEAD COST (FIXED COSTS): Costs that do not fluctuate with the level of 
activity. These include effective cost of hospital floor space and utilities, capital 
depreciation; administrative and clerical labour cost, and costs of carrying a spare 
parts inventory (Bronzino, 1992). 
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37. PERFORMANCE: An actual work accomplishment or output (not to be confused 
with work behaviour). Quality and productivity are dimensions of a higher-level 
measure called 'performance' or 'effectiveness'. 
38. PHYSICAL INFRASTRUCTURE: Includes health facilities (buildings and utilities) and 
hospital equipment, machinery and plant. 
39. PRODUCTIVITY: the ability to combine and convelt inputs (labour, capital, 
materials and other resources) into outputs (goods and/or services) which satisfy 
market needs. Productivity can also be seen as a relationship between output and 
input of a given process i.e. P = Output/Input = (production of some desired 
result)/(consumption ofresources). 
40. QUALITY: conformance to requirements (stated or implied). This includes internal 
measurements, e.g. number of rejects; and external measures such as customer 
satisfaction rating. Alternatively, the degree of excellence of a product or service. 
41. QUALITY ASSURANCE: all the planned or systematic actions that are carried out to 
set standards and to monitor and improve performance so that the service provided 
is as effective and as safe as possible i.e. providing adequate confidence that a 
product or service will satisfy requirements for quality. 
42. RE-ENGINEERlNG: " ... changing processes, organisational structures, management 
style and behaviour, compensation and reward systems, as well as relationships 
with shareholders, customers, suppliers and other external partners JJ (Kelada, 1996). 
43. RESPONSE TIME: the time between the receipt of a service call and the time the 
technician actually arrives at the equipment site (AAMI, 1990). 
44. RISK AND SAFETY MANAGEMENT: An organised programme that removes and 
controls elements that can contribute to the avoidance of exposure to risks and the 
minimisation of liability exposure (David, 1993), i.e. minimises or prevents the 
occurrence of undesirable outcomes. 
xxxv 
45. STRATEGY: A vision of the position the service is to reach in the market and of 
how to get there, including financial, personnel and other sub-plans, as well as 
service strategy and quality strategy. 
46. STRATEGIC PLAN: "A continuous process of making present risk-taking decisions 
systematically and with greatest knowledge of their futurity; organising 
systematically the efforts needed to carry out these decisions; and measuring the 
results of these decisions against the expectations through organised systematic 
feedback" (David, 1993). 
47. SUSTAINABILITY: Medium- and/or long-term continuity of a process or service, 
usually determined on the basis of factors such as cost of delivery, availability of 
inputs/resources, desirability of the process or service, benefits accrued, opportunity 
costs, etc. 
48. TECHNOLOGY ASSESSMENT: A process used for exammmg and reporting 
properties of medical technology used in healthcare, such as safety, efficacy, 
effectiveness, feasibility and indications for use as well as social, economic and 
ethical consequences, whether intended or unintended (David, 1993). TA tools 
include cost-benefit analysis (CBA) and cost-effectiveness analysis (CEA). 
49. TEST EQUIPMENT: Any tools and equipment used by CE personnel to perform 
calibration checks, IPMs and corrective maintenance, e.g. oscilloscopes, digital 
mu1timeters, defibrillator testers, physiological simulators, etc. 
50. THIRD-PARTY SERVICE PROVIDER: An independent medical equipment service 
organisation (i.e. not equipment supplier or in-house service). May be small and 
only specialise in a few types of equipment, or may be large enough to provide 
service for most equipment in a hospital. 
51. TOTAL QUALITY MANAGEMENT: management-led philosophy of continuous 
improvement in every process of planning, production and service - a way of 
XXXVI 
managing to improve the effectiveness, efficiency, flexibility and competitiveness 
of the business as a whole. 
52. TRAINING EQUIPMENT USERS: Establish and deliver instructional modules for 
clinical engineering staff as well as clinical staff on the operation of medical 
equipment (Bronzino, 1995) 
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1.1 BACKGROUND AND DEFINITION OF THE PROBLEM 
1.1.1 The Role of Clinical Engineering Services 
Several defmitions of Clinical Engineering exist. An early definition quoted by 
Caceres in 1977 is: 
"The application of the art and science of industry, that is, technology, to 
the healthcare delivery and clinical problems in medicine." (Caceres, 1977) 
A more recent definition reads: 
"The management, support, development and quality assurance of 
healthcare technology as part of safe, cost-effective and sustainable 
healthcare delivery". (SA National Steering Committee on Clinical 
Engineering, 2000) 
That there are many definitions of Clinical Engineering (e.g. Caceres, 1977; 
Webster, 1979; Bronzino, 1992; COHSASA, 1997) is not surprising, since this 
relatively new field is continually evolving. 
The general function of a Clinical Engineering SelVice (CES) is to provide a 
supportive role in aspects related to the planning, needs assessment, evaluation, 
procurement, installation, utilisation and maintenance of medical equipment -
which is defined as including all medical/surgical devices, equipment and 
instruments - as they relate directly to healthcare delivery. Units responsible for 
providing this selVice are variously known as Clinical Engineering Departments, 
Healthcare Technical SelVices, Medical Physics Departments, Biomedical 
Technology / Engineering SelVices or Medical Equipment Workshops, depending 
on historical precedent, region or health facility type. 
1 
An idealised role would include the following: 
• Technology management (including needs assessment, specification, 
evaluation, installation and support of medical equipment, asset 
management and review of equipment replacement needs) 
• Technology assessment (assessment of clinical efficacy, safety, and 
appropriateness of medical equipment; cost benefits and monitoring of 
emerging technologies) 
• Risk management and safety checks (reducing medical equipment-
related patient and staff incidents) 
• Quality assurance and improvement 
• Training of equipment users 
• Inspection and preventive maintenance (IPMs) 
• Corrective maintenance (repairs) 
• Clinical research and development and modification of medical 
devices 
• Project management. 
In some cases, the role would also include Facilities and Plant Management and 
Maintenance, telecommunications and/as IT management and support. 
However, the boundaries of these support roles are not clear and well defined, as 
what applies to one country or institution does not necessarily apply to another. 
Also, a clinical engineering service can range from one isolated but dedicated 
individual to a fully equipped department with professional and technical/artisan 
staff, supported by adequate technological and administrative infrastructures, to a 
shared regional/central resource centre. 
In addition, the scope and focus of clinical engineering activities has changed 
considerably over the last 20 years or so; changing from being primarily 
concerned with patient and user safety in the early 70s, to being involved in all 
areas of health care technology management as listed above. 
2 
I 
Alongside the change in scope and function of Clinical Engineering Services over 
the years, is the shift from being primarily task-driven to being more business-
oriented and cost-justified. A further development has been the adoption 
(sometimes imposed) of various international trends in business and management, 
e.g. total quality management, benchmarking, re-engineering, outsourcing (of 
non-core business activities) and, most recently, IS09000 standard accreditation. 
As sustainability is often dependent on issues of cost-effectiveness and relevance, 
and associated perceptions of institutional/organisational stakeholders, these 
considerations may threaten otherwise successful departments and/or services 
with closure. 
1.1.2 Rationale for this Study 
Many countries (and notably developing and emerging economies) are under-
resourced in terms of what is needed for equitable service delivery of acceptable 
quality, as well as the management-level skills needed to maximise the impact of 
healthcare technologies on service delivery. Within this context healthcare 
technology management (HTM) practitioners and activities are being increasingly 
recognised for their contribution to health system performance. There is thus an 
urgent need to (i) build HTM management capacity and (ii) develop effective 
HTM tools, while at the same time (iii) developing indicators for HTM 
performance and sustainability. 
This study follows and complements prevIOUS work by Frize (1990) and 
Glouhova (1999) and focuses on the last-mentioned, and specifically on the 
development of indicators for Clinical Engineering Services - be they situated 
within a health facility or a shared / regional resource centre. These indicators will 
form qualitative and quantitative components of a tool for objective assessment 
and comparison ofthe performance ofCE services in different settings, as well as 
identifying pointers to performance, cost-effectiveness and sustain ability. This in 
tum will contribute to improved management of these services, with the overall 
aim of improving the performance and quality of health care delivery. 
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The present study fonns part of a larger ongoing project, with the following 
objectives: 
i. Consider the historical evolution of the field of clinical engineering 
internationally, with due consideration to regional- and country-
specific differences. 
ii. Compare the functions and servIces provided by the clinical 
engineering services selected for the study in their respective 
environments. 
iii. Develop and test appropriate indicators, as part of a broader 
methodology and framework, to describe the perfonnance, cost-
effectiveness and sustainability of clinical engineering services. 
iv. Test these indicators to detennine to what extent common 
indicators can be used in comparing and assessing the perfonnance 
and sustainability of clinical engineering services in differing 
environments. 
1.2 OBJECTIVES OF THE STUDY 
The specific objectives of the study were to: 
i. Consider perfonnance measurement systems, as described in 
business management literature / other fields and evaluate their 
applicability to Clinical Engineering Services. 
ii. Develop a framework, derived from the literature review, that can 
be used to identify perfonnance indicators and assess sustainability 
of Clinical Engineering Services. 
iii. Test the framework to detennine its applicability to in-house 
Clinical Engineering Services at an international level. 




Various research methods for obtaining the necessary information/data were 
considered at the outset of the study, including the use of secondary data, 
obselVation (through site visits) and extensive intelViews. The sUlVey method was 
finally considered to be the most appropriate research methodology for collecting 
primary data for the study. The specific progression of the methodology is as 
follows: 
i. Extensive review of literature on medical equipment maintenance 
and management; previous research on Clinical Engineering 
SelVices (including the history and status of the field, productivity 
and cost-effectiveness); and business management literature on 
management trends, performance measurement, indicator 
development and quality/quality assurance. 
ii. The development of a preliminary questionnaire, piloted at HTM 
expert workshops. 
iii. The development of four questionnaires, targeted at (i) institutional 
management, (ii) CES management and personnel, (iii) CES 
clients and (iv) international HTM experts and representatives of 
national / regional Departments of Health, respectively. These 
comprised both qualitative and quantitative components. 
iv. A pilot study, aimed primarily at the first three groups. 
v. Analysis of responses from the pilot study, using descriptive 
statistics. 
vi. The creation of a framework for developing CES performance 
indicators which can be used in assessing CES sustainability. 
1.4 SCOPE OF THE STUDY 
The scope of the study originally included in-depth analysis of four clinical . 
engineering selVices at tertiary / academic institutions in four different regions 
viz. Southern Africa, the UK, Australia and the USA These CES's were selected 
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on the basis of their initial willingness to collaborate in the study. However, lack 
of effective participation reduced the pilot study to four institutions within the 
Western Cape province of South Africa, namely: Groote Schuur Hospital, 
Tygerberg Hospital, Vrijzee and Red Cross Children's War Memorial Hospital. 
Additional contributions were collated from HTM expert workshops that were 
held during the course of the study plus a few responses from the international 
community. 
The study focused primarily on public sector in-house Clinical Engineering 
Services, and included the input and perceptions of (i) institutional management, 
(ii) CES management and personnel, (iii) CES clients and (iv) international HTM 
experts and representatives of regional / national Departments of Health. 
1.5 LIMITATIONS AND DELIMITATIONS OF THE STUDY 
As mentioned previously, celtain limitations were imposed on the original study, 
thus changing the focus of the study. Over and above those limitations, certain 
constraining factors influenced the outcome ofthe resultant study. These included 
time constraints, lack of participation of collaborators, certain institutions and 
target respondents (particularly CES personnel) within participating health 
facilities. This resulted in a low response rate. Non-co-operation from the 
international community limited the geographical scope of the study, as well as 
the ability to make relevant comparisons. 
Delimitations were also imposed, given the limitations described. These included 
limiting the study to traditional in-house CES services, specifically within the 
public sector, and limited distribution of questionnaires to the fourth target group. 
Limited data also dictated the types of analyses that could be performed. Basic 
descriptive statistics were used. Finally, although a framework was developed, it 
was not tested on the participating CES's, as this would require a longitudinal 
study. 
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1.6 DEVELOPMENT OF THE DISSERTATION REpORT 
The dissertation begins with a literature review, covering (i) a background to 
Clinical Engineering, including the history and evolution of the field, the current 
status and the need for CES indicators; (ii) a background of developments in 
management and measurement of service performance, including international 
trends, performance measurement, quality and quality assurance; and (iii) 
performance and sustainability of Clinical Engineering services, including the 
development and defining ofindicators for the field. 
The next phase describes the progression of the methodology, from the 
development of the preliminary questionnaire, the rationale behind including the 
four aforementioned target groups, to the design of the final questionnaires. The 
analysis and results of responses from these questionnaires are subsequently 
described. 
A discussion chapter integrates themes emerging from the results and discusses 
them in the context of the literature and the objectives laid out. An evaluation of 
the validity and reliability of the questionnaires ensues, resulting in a discussion 
on the effectiveness and applicability of the developed framework. 
Finally, conclusions are drawn from the study and recommendations for further 




The literature review is divided into three discrete sections, namely: 
I. A background to the field of Clinical Engineering 
ll. A background to developments in management and measurement of 
service performance 
ill. Literature on the performance and sustainability of Clinical Engineering 
Services 
I. BACKGROUND: CLINICAL ENGINEERING 
2.1 HISTORY AND EVOLUTION OF CLINICAL ENGINEERING 
The twentieth century has seen technological innovation that has reshaped the 
field of medicine and the delivery of healthcare services. Advances in medical 
technology have provided a wide range of diagnostic, therapeutic and 
rehabilitative instruments that are now routinely used in the treatment and 
management of specific illnesses and diseases (Bronzino, 1992). 
2.1.1 Emergent Need for Clinical Engineering 
The period after World War II, particularly in the 1960s, saw the beginnings of 
unprecedented advances in electronic instrumentation and the marriage of 
particular engineering fields with the medical field. This resulted in various 
innovations, including the intensive-care unit (lCU), the open-heart operation, the 
artificial organ and computerised electrocardiography (Caceres, 1977). According 
to Smith (1982), unlike industrial and scientific users, the healthcare delivery 
system was initially ill-prepared to manage this new technology. 
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On November 16 1970, an article reporting "1200 Silent Electrocutions in 
American Hospitals" appeared in The Wall Street Journal, subsequently 
launching an equipment safety scare. Hospitals and industry thus responded 
through various voluntary regulatory groups that randomly and hastily devised 
codes, standards and guidelines. A new engineering discipline was needed to 
provide the technical support necessary to meet the new safety requirements. In 
response to these newly defmed needs, the clinical engineering profession was 
born (Smith, 1982). 
2.1.2 Evolution of Clinical Engineering 
Clinical engineering evolved from being primarily concerned with patient and 
user electrical safety in the early 1970s, to assuming responsibility for cost-
effective maintenance, then equipment evaluation and procurement in the mid 
1970s. According to Newhouse et al. (1989), by this time it was revealed that 
many devices did not perform according to manufacturers' specifications or users' 
expectations. Complete performance inspections before and after medical 
equipment installation became the norm, and much time was spent in developing 
sensible inspection procedures. 
By the early 1980s, the health care delivery industry's increased concern over the 
cost, safety and performance of medical equipment caused many hospitals to rely 
heavily on clinical engineering departments for the selection and support of 
medical instrumentation (Smith, 1982). 
Clinical engmeenng departments became the logical support centre for all 
medical technologies. Clinical engineers thus assumed additional responsibilities, 
including the management of complex devices and systems used in hospitals; the 
training of medical personnel in equipment use and safety; and the design, 
selection and use of technology to deliver safe and effective health-care 
(Bronzino, 1992). 
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Newhouse et al. (1989) further adds that from the early 1980s, as microcomputers 
began to proliferate into the healthcare environment, clinical engineering was now 
called upon to provide support for microprocessor-based equipment. By the late 
1980s it was not uncommon to find clinical engineers involved in 
telecommunications and information technology. 
More recently clinical engineering has included overall management, strategic 
planning, technology assessment, life-cycle costing, training of equipment users, 
research and development and quality assurance. 
In short, the clinical engineering profession aims at supporting the process of 
delivering safe and effective health care. 
2.1.3 A Definition of Clinical Engineering 
In keeping with the evolution of the field, the definition of clinical engineering 
has also evolved with time. Several definitions exist. 
An early definition given by Aller et al (in Caceres, 1977) is: 
"The application of the art and science of industry, that is, technology, to 
healthcare delivery and clinical problems in medicine". 
Goodman (1989) quotes a definition of a clinical engineer, which the AAMI 
originally applied to certified practitioners as: 
"A professional who brings to healthcare facilities a level of education, 
experience and accomplishment which will enable him to responsibly, 
effectively and safely manage and inteiface with medical device, 
instruments and systems, and the user thereof during patient care ... ". 
COHSASA (1997) define the field as: 
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"Medical equipment management and maintenance and equipment user 
support within a healthcare delivery institution or system". 
A more recent definition reads: 
"The management, support, development and quality assurance of 
healthcare technology as part of safe, cost-effective and sustainable 
healthcare delivery". (SA National Steering Committee on Clinical 
Engineering, 2000). 
The terms 'clinical engineering' and 'biomedical engineering' are sometimes used 
interchangeably, although several authors (e.g. Bronzino, 1992) provide 
distinctions between the two. Units responsible for providing clinical engineering 
services are also known as Health Care Technical Services, Medical Physics 
Departments, Biomedical Technology / Engineering Services, Medical Apparatus 
/ Equipment Workshops, etc. 
Individuals involved in the management of medical technology are commonly 
referred to as clinical engineers, however the terms biomedical equipment 
technicians, equipment managers and healthcare engineers are sometimes used 
(David & Judd, 1993). 
2.2 CLINICAL ENGINEERING TODAY 
2.2.1 Health Systems Issues 
The 2000 World Health Report! suggests four key functions of a health system, 
viz. (i) service delivery, (ii) capacity building, (iii) financing and (iv) stewardship; 
and three key health -system inputs, viz. (i) human resources, (ii) capital 
investment (in physical assets such as buildings and equipment) and (iii) 
consumables (including drugs). 




According to Issakov (1994) healthcare equipment, including transport vehicles, 
represents an important investment for health care systems in any country, 
including developing ones. The appropriate introduction and proper service, 
maintenance and use of this equipment are vital for efficient and cost-effective 
health care delivery at all levels of the health system. This is true for the most 
sophisticated hospital right through to the community health centre. 
Medical equipment is often seen as a major factor in rapidly rising health care 
costs, but this technology also supports and strengthens medical progress and 
healthcare delivery. The overall management of this equipment requires 
sophisticated managerial and technical talent. Poor management skills and 
inadequate maintenance budgets lead to frequent equipment failure, shortage of 
active equipment life and the incurring of additional costs of between 20% and 
40% ofthe equipment budget (WHO, 1999). Healthcare equipment management 
problems, which may vary qualitatively according to circumstances, are equally 
putting pressure on public health officials in both developed and developing 
nations. 
The waste of resources, estimated by the WHO as the basis of field experience, is 
presented in Table l(Issakov, 1994). 
Inability to correctly specify and foresee total needs when 
tendering and procuring equipment 
Purchase of sophisticated equipment, which remains unused due to 
lack of skill ofoperating and technical staff 
Extra modifications or additions to equipment and buildings 
unforeseen at the initial tender stage due to lack of staff expertise 
Maltreatment by operating and maintenance staff 
Lack of standardisation 
Down time due to .UL'''U.u<LY to use or repair, no spare parts or 
accessones 
10 - 30 % extra cost 
20 - 40 % of equipment 
10 - 30 % ofequipment 
30 - 80 % oflifetime 
30 - 50 % extra spare 
parts costs 
25 - 35 % ofequipment 
Table 2.1: Problems and corresponding waste of health care equipment (lssakov, 1994) 
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Issakov also states that all countries need to have an explicit policy on 
management of healthcare equipment, which is consistent with the countries' 
needs and priorities and is targeted to the solution of health problems of the 
majority. Such a policy is complex and multifaceted, and its establishment 
requires a high degree of awareness and strong political will. 
David (1993) states that in an industry where the only constant is change, it is 
imperative that health care facilities have a programme that: 
• provides for guiding resource allocation 
• identifies and evaluates technological opportunities or threats 
• guides capital prioritisation, facility preparation and staff planning 
• maximises the value provided by resources invested in medical technology 
• meets or exceeds standards of care 
• reduces operating costs 
• reduces risk exposure, 
all of which can be addressed by a well-managed healthcare technology 
management programme - or specifically, a well-managed clinical engineering 
selVlce. 
Drawing from the various definitions of clinical engineering and the general 
functions provided by this selVice, it can be concluded that the field has a major 
role to play in alleviating equipment-related problems faced in health facilities 
and thus contributes significantly to improved health care delivery. 
2.2.2 The Clinical Engineering Field 
In many countries, the acceptance and recognition of clinical engineering has 
been slow and full of obstacles. According to Bostrom et al. (1993), clinical 
engineering has been (and sometimes still is) a "basement activity", little 
understood or recognised by physicians and hospital administrators. 
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Nevertheless, in countries where clinical engineering is accepted and recognised, 
it is taken to describe the same basic responsibilities, functions and activities. 
The role of Clinical Engineering can be considered as including (Bronzino (1992), 
Glouhova (1999), Locke (1998), etc.): 
• Technology management (including specification, evaluation, installation 
and support oftechnology, and review of equipment replacement needs) 
• Technology assessment (assessment of clinical efficacy, safety, 
appropriateness and cost benefits and monitoring of emerging 
technologies) 
• Asset/inventory management 
• Risk management and safety (reducing technology-related patient and 
staff incidents) 
• Preventive maintenance and repair 
• Proj ect management 
• Quality assurance and improvement 
• Training equipment users 
• Management of service contracts 
• Clinical research and development; modification of medical devices 
• Proj ect management 
In some cases, the role would also include Management and Maintenance of 
Facilities and Plant Telecommunications and Information Technology systems. 
However, the boundaries of these support roles are not clear and well-defined, as 
what applies to one institution does not necessarily apply to another. There are 
also historical differences in various countries and regions, e.g. in the UK, 
following on from the development of hospital physics in the early 1940s, clinical 
engineering is not considered as a separate entity, but as part ofthe responsibility 
of departments of Medical Physics. Also, a clinical engineering service can range 
from one isolated but dedicated individual to a fully equipped department with 
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professional and technical/artisan staff, supported by adequate technological and 
administrative infrastructures, to a shared regional/central resource centre. 
Alongside the change in scope and function of Clinical Engineering Services over 
the years, is the shift from being primarily task-driven to being more business-
oriented and cost-justified (Autio & Morris, 1995). A further development has 
been the adoption (sometimes imposed) ofvarious international trends in business 
and management, e.g. total quality management, benchmarking, re-engineering, 
outsourcing (of non-core business activities) and, most recently, 1S09000 
standard accreditation. As sustainability is often dependent on issues of cost-
effectiveness and relevance, and associated perceptions of institutional! 
organisational stakeholders, these considerations may threaten otheIWise 
successful departments andlor services with closure. 
2.2.3 International Developments and Status Quo 
The healthcare delivery system, which includes the private and public sectors, is 
undergoing a transition driven by many forces including cost, technology, 
regulations, ethics, the legal justice system and society expectations (David & 
Judd, 1993). David & Judd further add that the factors that interact with these 
forces also change - thereby creating a crisis that is the subject of public debate. 
The health care delivery system is therefore under increasing pressure to (i) 
identify its goals, (ii) select and define pliorities and (iii) wisely allocate limited 
resources. 
A. Developed Countries 
Apart from a few exceptions - especially pertaining to the 'lack of recognition-
syndrome - the Clinical Engineering field is well-established and widely accepted 
in most western countries (Bostrom et al, 1993). However, in most of the 
industrialised countries, the containment ofhospital costs - especially pertaining 
to medical technology and equipment - is a major concern. 
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Gordon (1995) states that the healthcare industry is therefore forced to follow the 
natural way of the marketplace, i.e. to share its risk and "depend less on reporting 
relationships and regulatory compliance". 
The 1980's and 1990's saw a marked increase in the need for hospital-based 
technical services. Medical equipment numbers exceeded the numbers of 
healthcare professionals employed within healthcare delivery institutions; while 
governments and accrediting bodies increased demands for safer technology. 
These developments increased market costs for technical services and made it 
cost competitive to bring these services in-house (Gordon, 1995). 
However, with this rapid development and infiltration of medical equipment into 
the healthcare delivery system, there has been a resultant expansion of the 
technical services market and in-house services have faced competition 1i-om 
medical equipment manufacturers, third-party service providers, maintenance 
insurance programs and medical equipment leasing agents (a growing trend in the 
USA). 
In the mid- to late-1990's, CES's in countries such as the USA and Australia were 
threatened by economic rationalisation and outsourcing trends. This resulted in 
hospital-based CES's being closed because they are not perceived as being a 
"core" function of health care institutions. 
This situation is now reversing and more and more in-house departments are 
being re-established (Locke, 1998). Reasons for this are varied and include the 
realisation that having an in-house service with quick response time is more cost-
effective than relying on an external service provider. Another reason appears to 
be based on the ever-increasing cases of hospitals being found liable for the torts 
of their outside service contractors. 
Dickey (1996) stresses that decisions about clinical engineering programmes, e.g. 
outsourcing, expanding, re-engineering, downsizing, rightsizing or elimination, 
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should only be made after careful assessment of the existing CES's capabilities, 
limitations and cost-saving opportunities. The author further adds that: 
"Executives considering downsizing or outsourcing their existing CES's 
should determine whether short-term savings from downsizing may be less 
than potential long-term savings that can be achieved by investing in a 
comprehensive equipment-management programme. Prior to any decision 
to downsize, an organisation's executives should assess whether their 
existing clinical management services are cost-effective and of measurable 
value. If not, executives should consider how to enhance, redesign or 
otherwise acquire those services to best manage all facets of equipment 
acquisition, use and maintenance. " 
( htt,p:!/Vv,\vw.accenet.org!clinellgrweekipage3.html) 
B. Developing Countries 
The widespread introduction and increasing influence of medical technology is a 
reality experienced even in developing countries. Its appropriate introduction and 
proper selVice, maintenance and use are crucial for efficient and cost-effective 
healthcare service delivery at all levels of the health system (Issakov, 1994). 
According to Issakov (1994), in many developing countries the most obvious 
symptom is not the lack of medical equipment, but medical equipment that is not 
usable or simply unused. At any given time, up to 50% - 75% of medical 
equipment inventory is inoperable, resulting in high wastage of resources and 
poor quality of health care delivery. 
Regional and national variations due exist, however identifiable factors are 
globally common and contribute to the current situations. Underlying reasons for 
this include: 
• Lack of awareness and management expertise 
• Lack of organisational policy 
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• Lack of health care technical service's infrastructure 
• Lack of qualified and effective manpower development and training 
• Lack of information support. 
CBS's in developing countries often face the problem that most of their 
equipment is imported from the developed world, resulting in problems obtaining 
spare parts at reasonable cost and speed, and obtaining service support (Clin. Eng. 
Q&A, 1996). What has become a matter for increasing international concern is 
the amount of this equipment that quicldy falls into disuse due to malfunction and 
lack of maintenance. This is further justified in developing countries, as the 
equipment represents a considerable expenditure of valuable (and scarce) foreign 
exchange (Statham, 1990). 
Taylor et al (1999) stress the need for clinical engineers to apply their expertise in 
technology management in developing countries, while relying on a 
multidisciplinaty approach by consulting traditional healers, national healers and 
social scientists, for most appropriate integration of this technology into the 
recipient culture. 
CBS's in developing countries experience many of the pressures faced by the 
developed countries, but these are further compounded by severe budget 
constraints. Due to this, maintenance activities are often the first to be cut and the 
long-term consequences of doing so are not taken into consideration. 
This situation was evident even in the USA, during cost-cutting period 
accompanying recessions and other environmental influences (Furst, 1986). 
According to Furst, support services such as clinical engineering and physical 
plant often took disproportionate cuts in comparison to direct patient care 
departments (e.g. nursing) and to ancillaty departments (e.g. clinicallaboratoty). 
Reasons for this included the concept of revenue versus non-revenue departments, 
the profitability of these departments and quality of care issues. 
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Some of these countries are also seeing the introduction of systemic processes 
such as public service downsizing and retrenchments, resulting in a shortage of 
qualified personnel, which is threatening the existence of clinical engineering 
departments and hampering the training of those entering the profession. 
Glouhova et al (1999), however, obselVed in a recent study, that while the 
profession is still new in Latin America, it is in fact active and evolving. 
2.2.4 Role of International Organisations and Agencies 
However advanced, no country in the world is able to provide health selVices to 
meet all the needs of its population. This failure results not only because of 
limitations of currently available technology, but specifically from lack of 
sufficient resources. 
In efforts to address this problem, the WHO and various multi-lateral and bilateral 
agencies have actively supported developments in the area of Healthcare 
Technology Management (HTM), particularly in developing countries, over the 
last two decades. 
The WHO has been actively promoting and strengthening HTM activities 
globally, and especially in developing countries. At the Inter-Regional Meeting on 
the Maintenance and Repair of Healthcare Equipment held in Nicosia, Cyprus 
(November 1986), four key topics were addressed, namely: (i) national policy, (ii) 
national infrastructure, (iii) development of manpower training and (iv) use of 
computer-based information systems. 
In 1989, the American College of Clinical Engineering (ACCE) was established 
to promote the profession of clinical engineering, increase transfer of knowledge 
and to increase manpower. The specific mission ofthe ACCE is: 
• To establish a standard of competence and to promote excellence in 
clinical engineering practice. 
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• To promoted safe and effective application of science and technology 
in patient care 
• To define the body of knowledge on which the profession is based 
• To represent the professional interest of clinical engineers. 
(ACCE, http://www.accenet.org/acceinfo.html) 
The International Federation for Medical and Biological Engineering (IFMBE) 
has established a Clinical Engineering Division aimed at strengthening clinical 
engineering globally. Through workshops and conferences; collaboration with 
regional organisations such as AFTH (Afiican Federation for Technology in 
Health Care) and the ACCE, and cooperation with multinational and bilateral 
organisations such as WHO and P AHO (Pan American Health Organisation); the 
IFMBE-CED has focused on capacity building, networking and increasing the 
visibility of the clinical engineering profession. In addition, as major contributions 
to the field, the organisation has been involved in the finalisation of donation 
guidelines for medical equipment and the framework for health technology policy 
development (Heimann, 2000). 
Donor and technical agencies have been involved in the transfer of used medical 
equipment from developed countries to their less-developed counterparts for 
decades. Such recycling of goods serves impOltant objectives, such as reducing 
waste and landfills in developed countries due to rapid infiltration of new 
technologies; and giving access to sophisticated technologies to medical 
practitioners and patients in developing countries, for better healthcare. However, 
not all donations achieve their goals, for reasons such as lack of communication 
between donor and recipient, inappropriate and incompatible technology, non-
functional equipment and lack of training and knowledge. 
In attempts to address these problems the ACCE (1995) (and other organisations 
such as the WHO) have provided guidelines for both donor and recipient 
organisations. These aim to achieve the following objectives: 
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• Better match between need and availability 
• Improved pre-donation planning and preparation 
• Assurance of completeness and quality of donated goods 
• High likelihood that received equipment will be installed and used 
• Assurance of maintainability of donated equipment 
• Continuous quality improvement through follow-up evaluations. 
The contributions of these and other organisations assist providing essential 
elements, such as capacity building, networking, expert support and formulation 
of policies to the clinical engineering field globally. 
2.2.5 The Private Sector 
Clinical engmeenng m most countries has its roots in the public sector, 
particularly in tertiary health facilities (Poluta, Heimann; 1998). With the growth 
of the private sector in recent decades has come an increased demand for clinical 
engineering practitioners. In some cases this need has been met by attracting 
practitioners from the public sector with higher salaries and better working 
conditions, impacting negatively on public sector Clinical Engineering Services. 
In many instances little or no organisational structures exist to handle equipment-
related matters (Locke, 1998) and there are no formal in-house CES's. The 
situation is changing, however, partly due to litigation scares after patient injuries 
as a result of faulty equipment, and partly due to increased pressure in the private 
sector towards accreditation of health services. Most accredited private sector 
organisations now have access to - if not their own - Clinical Engineering 
Services. 
2.2.6 Professional Certification / Accreditation of CE Practitioners and Services 
In an effort to standardise qualifications and enhance professionalism, several 
organisations provide/offer certification and/or accreditation of CE practitioners. 
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A. Certification 
According to Roy (1982) reasons for certification lie in the fact that the practice 
of engineering within the clinical environment is intimately related to the welfare 
of the patient, and the efficacy of health -care delivery. For this reason, healthcare 
professionals have seen the desirability of peer review and certification of 
competency of those practicing in the area. 
Within the clinical engineering context, certification of clinical engineers takes 
place through bodies such as the US-based ICC (International Certification 
Commission for Clinical Engineering and Biomedical Technology). This 
organisation and its various regional representatives has an overall interest in the 
advancement of health care and in ensuring quality provided by CE practitioners 
globally. 
Unfortunately, an independent market sUlVey conducted by the AAMI has shown 
that (within USA and elsewhere) there is little interest in clinical engineering 
certification. This could be due to many factors, including severe limitations for 
funds in health-care, lack of formal legal requirements and lack of financial 
incentives (Wang, 1999). 
B. Accreditation 
Within the South African context, the Council for Health SelVice Accreditation of 
Southern Africa (COHSASA) applies organisational standards to define systems 
and processes that should be in place to ensure that patients receive quality care 
and that facilities and staff are managed according to agreed professional and 
management standards (COHSASA, 1997). It has been the experience of 
COHSASA that accredited facilities have better team work and are more efficient 
and effective that they were on entry into the programme. This has undoubtedly 
led to cost savings and improved safety and availability of medical equipment. 
COHSASA has now incorporated CESIHTM into their standards following the 
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lead of the Joint Commission for Accreditation of Health Organisations (lCAHO) 
in the USA 
2.3 THE NEED FOR CLINICAL ENGINEERING SERVICE INDICATORS / 
RELEVANCE OF COMPARING CLINICAL ENGINEERING SERVICES 
2.3.1 Introduction 
Comparing the functions, performance or quality of Clinical Engineering SeIVices 
in different hospitals, and certainly different regions, can be a very difficult task. 
According to AAMI (1990) certain factors have to be taken into consideration, 
such as the differences in department mission; variations in the spectrum or scope 
of seIVices provided; and different approaches to equipment and supply 
evaluation and purchase, incident investigation, engineering consultation, 
strategic planning, technology management activities and risk management 
activities. 
However, good management of any department, in any field, requires that its 
strengths and weaknesses are constantly evaluated. In this way, the clinical 
engineering manager is in a position to actively control departmental activities to 
respond positively to the challenges and opportunities presented by changes in the 
hospital environment. It is also important that management is aware of the 
activities of its peers (AAMI, 1990). Developing performance and sustainability 
indicators for the clinical engineering department can facilitate these comparisons. 
2.3.2 Comparisons of Clinical Engineering Services 
Clinical engmeenng departments vary widely in function, quality and size. 
According to Frize (1990), the evolution of the clinical engineering field has 
taken place mainly on an individual basis, i.e. institutions and CES managers have 
individually established their departments' functions and priorities, seeking 
appropriate resources to support their role and work volumes. 
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Smith (1982) states that many hospitals have well-established in-house 
departments, containing adequate qualified staff, floor space and instrumentation. 
Other institutions have joined together to share the activities of a well-equipped 
clinical engineering staff, thus also sharing in capital and operating costs. Some 
hospitals, particularly in developing countries, only have a skeleton CES, if at all. 
Other variations exist, particularly in the types of CE services employed by the 
institution. There have traditionally been three options: (i) in-house CES's, (ii) 
manufacturers or their agents/distributors and (iii) third-party service providers, 
which may be either a shared clinical engineering service or a commercial firm. 
A fourth option, maintenance insurance, combines use of any of these service 
modalities with financial protection against high service costs (ECru, 1989). In 
the latter two options, the clinical engineer serves primarily as a manager of these 
contracts (Smith, 1982). 
ECru state the major advantages of in-house CES's as: 
i. the immediate availability of service 
ii. cost containment 
iii. the facilitation of other aspects of equipment support (e.g. user 
training) and 
iv. the fact that an in-house staff can provide expertise on a broad range of 
equipment and technology management issues. 
Major disadvantages include: 
i. the continual institutional commitment required to maintain a clinical 
engineering department (e.g. personnel costs, space, parts inventory 
investment) 
ii. lack offinancial protection or "insurance" against the cost of 
catastrophic equipment failure and 
iii. capital investment needed for test equipment. 
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2.3.3 Previous International Surveys of Clinical Engineering Services 
Although the organisational structure and function ofCES's appeared very similar 
in the various industrialised countries in the mid 1980s, there was little evidence 
to support this conclusion. 
A. Pacela 
According to Bronzino (1992), Pacela (1986) - in cooperation with the Joint 
Commission on Accreditation in Hospitals (as it was known then - now JCAHO) 
- conducted a study which provided some quantitative information regarding the 
structure and function of clinical engineering in the USA, but no data comparing 
the level of development ofCES's in other countries was available. 
B. Frize 
In order to obtain information on the development of clinical engmeenng 
internationally, Frize (1990 a,b) conducted a survey comparing the development 
of the field worldwide. She followed this up with a longitudinal study (Frize & 
Shaffer (1991), (1994)), to observe the progression of the field over the period 
1988 to 1991. 
Through the use of questionnaires sent directly to CES's in Canada, USA, the 
EEC and Nordic countries, the following parameters were investigated: 
• Organisational setting: including hospital type and size, equipment base 
supported by the CES and type of reporting authority 
• Level of functional involvement in: corrective maintenance, acceptance 
testing, user training, pre-purchase consultation, clinical research and 
development and clinical measurement, quality assurance, staff 
productivity assessment 
• Budget, staffing and other resources 
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• Educational level of clinical engineering staff 
• Level of recognition achieved by the department 
Results of these studies were presented in the fOlID of percentage of involvement 
by the department. The survey allowed the author(s) to assess the extent of 
technology management provided by CES's in the regions studied. 
The results of the first survey showed that there was a significant correlation 
between the extent of involvement of clinical engineering departments in the 
various functions studied and organisational factors, such as teaching versus non-
teaching institutions, the choice ofreporting authority (e.g. a senior administrator, 
medical director), whether departments felt their role was recognised and whether 
there were university-degree engineers in the department (Frize, 1994). 
The follow-up comparative study showed minor variations in several of the 
parameters analysed. While there was an upward trend in workload indicators, i.e. 
number of devices and equipment replacement value supported, and budget 
allocation increases to the order of 12 to 16 %, many of the departments surveyed 
had not obtained recognition - even those from the most developed countries. 
Frize concluded by emphasising the need for clinical engineering departments to 
clearly state their mission, objectives, workloads and resource requirements, and 
become increasingly involved in both clinical and research activities. She felt that 
in doing so, and by matching their activities to the constraints and needs of the 
health care facilities they serve, CES's could enhance their profile and obtain 
recognition from hospital administrators and other health care professionals. 
C. Glouhova et al 
As the clinical engineering field is still developing and evolving, Glouhova et al 
(1999) saw it fit to update the findings ofFrize ten years prior. Their survey was 
perfolIDed in two successive stages, using structured questionnaires. The first 
stage aimed at identifYing the structure, personnel, responsibilities and resources 
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of the departments in different countries. The second stage had the objective of 
investigating trends in current practices and it addressed selectively those 
institutions identified from the first stage as having well-established clinical 
engineering services. It was divided into three parts viz. a) practice profile, b) 
quality assurance and c) general. The first part, practice profile, was further 
divided into ten categories, corresponding to services that are generally accepted 
as being core tasks of clinical engineering services. These were: 
i. equipment inventory, 
ii. preventive maintenance (PM), 
iii. corrective maintenance (CM), 
iv. acquisition of biomedical equipment, 
v. acceptance testing (incoming inspections), 
vi. management of service contracts, 
vii. risk management, 
viii. quality control (QC), 
ix. education and training and finally, 
x. research and development. 
The findings of the study revealed that most departments in North America, the 
Nordic countries and Australia have been functioning for more than 20 years. 
Consequently, they are involved in a wide range of services and provide them to a 
very high percent of available equipment. In Latin America, the profession is still 
new and thus the extent of service provision is not at the same level as the above-
mentioned regions. No conclusions could be reached from West and South 
Europe, due to low response rates. 
The study also showed that computerised systems for equipment management and 
quality assurance have widely penetrated the departments in the more developed 
regions, and that fewer CES's are using a productivity index to measure staff 
perfOlmance. The reverse is true for CES's in Latin America. 
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The majority of departments that responded felt that they were well accepted and 
recognised in their institutions. The main problems faced at this stage are, lack of 
highly qualified personnel and cost constraints. Clinical engineers and BMETs 
(Biomedical Engineering Technicians) felt a need for a global official certification 
for both professions. 
Judging from the progression of results of all the surveys in this section, it is 
evident that clinical engineering is still evolving and developing at different rates 
in differing regions. There is therefore a need for more research on performance 
and standardisation of clinical engineering departments at an intemationallevel. 
2.3.4 Productivity and Cost-Effectiveness in Clinical Engineering 
Although Glouhova et al found that fewer CES's are currently usmg the 
productivity index to measure staff performance, it would be useful to review 
some earlier studies performed around the subject of productivity, in order to aid 
the development of a methodology for the present study. 
A. N euhausel 
Neuhausel (1985) begins his article with the statement: 'There does not appear to 
be any universal method for the measurement of productivity in Clinical 
Engineering. ' 
At the time of writing, there were various methods of computing productivity in 
Clinical Engineeling. 
The first of these, utilising data from the Medical. Equipment Management in 
Hospitals manual (ASHE, 1978), included a method of manipulating the annual 
preventive maintenance times (excluding vacations, sick days etc) for the 
hospital's complement of equipment. These times were divided by or multiplied 
by certain variables (e.g. number of devices in the inventory) and the results were 
used to justify employing an additional technician. 
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By 1982 the then upgraded manual included measures of average repair and 
inspection times by clinical engineering technicians. These were calculated by 
charting, on a monthly basis, such factors as number a/inspections, time spent on 
each repair, as well as the support duties. 
Through empirical studies performed in a group of hospitals, Neuhausel, later 
developed an algorithm based on times allocated to each activity (i.e. technical 
and support duties) performed by clinical engineering personnel. Certain 
standards were developed (e.g. 0.526 hrs per inspection, 1.039 hrs per repair) for 
each hospital. Each standard factored in such considerations as personal, fatigue, 
and delay (P, D, F factors expressed as a percentage). 
The author concludes that the standards developed depend on other factors such 
as hospital size, ratio of staff to equipment, etc. and an expanded database of 
studies would be required before a universal standard, if feasible, could be 
adopted. 
B. Furst 
Given the growing concern about finances that was (and still is) evident among 
hospital administrators and department heads at the time, Furst (1986) states that 
Clinical Engineering could make significant contributions to the financial health 
of a hospital. This could be achieved by increasing CE departmental productivity 
and by improving the utilisation ofresources in clinical departments. 
Furst defines productivity as 'the number of "units of product" the department 
turns out for a given amount of effort'. His suggestions to improving productivity 
include: 
• avoiding the purchase of redundant medical equipment 
• use of external vendors ifthe selVice can be offered at a lower cost 
• decreasing work on simple devices 
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• replacing unreliable devices (therefore reducing repair costs) 
• measure oflabour required per repair 
• improving personnel qualifications and training 
• improving management tools based upon extensive computer support 
• an optimal mix of engineering and technician skills. 
In order to improve cost-effectiveness, which he considers to be measured and 
improved within the narrow confines of the department, he suggests the need to 
identifY and quantifY most costs. This requires extensive record keeping. Through 
a study at a certain hospital he suggests the following indicators of cost-
effectiveness: 
• average hourly rate 
• stability of hourly rate in the face of wage and operating cost increases 
• cost of each area of responsibility (e.g. preventive maintenance [PM]) 
• the ratio of PM and repair costs to original acquisition cost 
• rapid turnaround time 
• reduced investment in capital equipment 
• cost-benefit analyses. 
Non-financial indicators include: quality of support, interdepartmental 
cooperation and useful communication. 
Furst's findings when applying these concepts to a certain hospital revealed major 
financial savings on the bottom line by reducing capital costs, extending 




AI-Fadel (1986), looking at productivity from a business management angle, 
defines productivity as "A state of efficiency or the rate and quality of output 
based on the rate and quality of input". 
He states that identifying deficiencies in productivity or non-productive areas (e.g. 
extended tea breaks, lack of parts or tools) yields half of the solution to 
productivity maintenance. Management plays the biggest role in identifying and 
correcting these productivity problems. 
Drawing from a variety of disciplines, the author suggests six basic elements to 
facilitate increased productivity. These are: 
1. Good communication and counselling 
2. Reviewing interpersonal skills 
3. Goal setting 
4. Delegation 
5. Continuous training 
6. Recognition. 
If engineering management (in cooperation with administration) is successful in 
these areas, high staff morale and productivity will follow. 
In addition to the previous tools, AI-Fadel suggests that clinical engineering 
departments should provide productivity improving programs. These include the 
use of (i) Quality Circles, (ii) Task Changes and (iii) Shop Automation. At the 
time of going to press, the application of these interventions to his clinical 
engineering department was still in the trial stage, so no conclusive evidence for 
their use could be drawn. 
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D. David & Rohe 
David & Rohe (1986) state that the utilisation of technologies in the clinical 
environment is perpetually growing, and has created a need for professional 
technical management - a task for Clinical Engineers. 
Techniques for monitoring productivity have been suggested by the previous 
authors. In addition to this, David & Rohe go on to give sample perfOlmance 
indicators. These include: 
• % Quality (average of quality obseIVations specified in a departmental 
Quality Control Sheet) 
• % Productivity ( [total productive hours] I [available hours] ) 
• % Overtime ( [Overtime hours] I [available hours] ) 
• % Labour Recovery ( [charged hours] I [available hours] ) 
• Repair Turnaround Days (average length of time a piece of equipment is 
out of client's department for repair). 
The authors then suggest management strategies for improving productivity. 
These include accountability and expectations, management infolIDation 
reporting, productivity monitoring, manpower scheduling, quality monitoring 
(including client's perceptions) and systematic improvement. These techniques 
lead to optimal resource utilisation. Definitive lines of communication and 
responsibility create a foundation for proper decision-making. Establishing only 
those measures of perfolIDance that are practical to maintain, yet sensitive to the 
operational changes, provide managers with tools for analysing the impact of their 
decisions. The authors conclude that a successful productivity improvement 
program never arrives at perfection, yet it is in a continual stage of adjustment 
dedicated to achieving maximum quality of output and resource utilisation. 
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E. Ibrahim & Arthur 
Following on from Pacela's work in 1986, Ibrahim & Arthur (1989), perfonned a 
study within the USA to examine the statistical significance of several cost-based 
measures of clinical engineering service effectiveness. The results of the study 
showed a positive relationship between the CES budget and certain variables 
investigated. These variables were, in order of correlation: total number of 
department personnel, number of devices serviced, value of devices serviced and 
finally, hospital bed count. The authors suggested that future research could 
consider other variables, such as number of repairs, required calibrations, quantity 
of responses to trouble calls and finally statistics relating to service contract 
budget amount versus comparable cost of in-house service. 
F. Johnston 
In this special issue on Productivity and Cost-Effectiveness in the Journal of 
Clinical Engineering, Johnston (1987) poses the question, "Are Productivity and 
Cost-Effectiveness Comparisons between In-house Clinical Engineering 
Departments possible or useful?" 
In answer to this question, the author states that inter-institutional comparisons of 
productivity and cost-effectiveness can be a valuable source offeedback to the in-
house clinical engineering services management. Such infonnation could be of 
considerable value in promoting funds to upgrade a department, to maintain the 
current level of funding or to seek funding for new ventures. Thus, inter-
institutional comparisons can be useful to clinical engineering managers when 
they can point to successes of similar programs to justifY a budget request - or 
simply to justifY the existence of the department. This is especially evident when 
institutional administration opts to outsource equipment maintenance and 
management services, based on comparisons of in-house clinical engineering 
costs with available outside alternatives. 
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However, as Bauld (1985) stated, universally accepted standards for clinical 
engineering do not exist. For these departments to make useful comparisons, they 
must: 
1. define the desired types of comparisons 
2. determine the required set of data elements 
3. develop unambiguous data element standards 
4. keep the required data. 
The most crucial and difficult step is to agree on comparison standards. 
According to Johnson, it is possible to keep data on the variety of tasks common 
to all clinical engineering departments that can then be used inter-institutionally. 
As task comparisons become more common, "norms" will evolve, which can then 
become standards for the profession. 
2.3.5 Sustainability of Clinical Engineering Services 
Irrespective of the performance of a CBS, there are environmental factors (eg 
institutional, governmental and/or industry trends), which may influence the 
sustainability of the respective department. Institutional factors may include the 
hospital's decision on the type of equipment service it prefers, budget constraints 
and (non-)availability of facilities. The government, particularly in developing 
countries, may also impose financial constraints due to insufficient provincial 
budgets or lack of consideration of the importance of CBS's to the healthcare 
system. Trends such as outsourcing, downsizing and economic rationalisation 
may threaten the existence of a department. As sustainability is ultimately 
dependent on affordability, these considerations may threaten an otherwise 
successful department with closure. 
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2.3.6 The Need For Clinical Engineering Service Indicators 
The Joint Commission on Accreditation of Healthcare Organisations (JCAHO, 
1997), whose mission it is to improve the quality of care provided to the public 
through the provision of health care accreditation and related services that support 
performance improvement, have established that there is a need for the 
development of health care indicators. These indicators - which include those that 
cover the full spectrum of hospital care - can be used by health plans and 
networks to: 
• gather data to assess performance and enhance internal quality 
improvement efforts; 
• generate performance information to assist consumer and purchaser 
decision-making; and 
• benchmark performance against other networks and health plans. 
Many countries (and notably developing and emerging economies) are under-
resourced in terms of what is needed for equitable service delivery of acceptable 
quality, as well as the management-level skills needed to maximise the impact of 
healthcare technologies on service delivery. Within this context healthcare 
technology management (HTM) practitioners and activities are being increasingly 
recognised for their contribution to health system performance. There is thus an 
urgent need to (i) build HTM management capacity and (ii) develop effective 
HTM tools while at the same time (iii) developing indicators for HTM 
performance and sustainability (WHO, 2000). 
Autio and Morris (1995) state that with the shift ofCES's from being task-driven 
to being more business-oriented, cost-justified and bottom-line-focused, certain 
indicators have to be developed to assess a department's performance and 
function. Changes in the health care delivery system will ~ictate that clinical 
engineering departments justifY their performance and existence on the same basis 
as any business. Indicators are essential for establishing the survival of 
organisations and are necessary for effective management of change. 
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As Bauld (1985) stated, universally accepted standards for clinical enginee1i.ng do 
not exist. Johnston (1987) reiterates by pointing out that the most crucial and 
difficult step is to agree on compa1i.son standards for the field. 
This study, which follows and complements previous work by Frize (1990) and 
Glouhova (1999), focuses on the development of indicators for Clinical 
Enginee1i.ng Services, be they situated within a health facility or a shared! 
regional resource centre. 
Section I of the literature review has laid the groundwork to justify the need for 
clinical engineering indicators. This is summa1i.sed in Figure 2.1. The following 
sections draw on current best practices in business and management and medical 
equipment maintenance and management literature to formulate a framework for 
developing critical, comprehensive, reliable and valid indicators of performance 
and sustainability for clinical engineering services. 
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2.4 SUMMARY OF SECTION I OF LITERATURE REVIEW 
The following flow diagram outlines the findings of Section I of the literature 
reVIew. 
Clinical engineering is a relatively new It is, however, developing at different 
and continually evolving field. Its role rates depending on such mctors as 
and function is changing overtime. region, infrastructure available, health 
policy, recognition etc. 
, ,Ir 
I 
CE S' s have a major role to play in improving health -care service delivery 
I 
~ ~ 
The existence ofCES's is threatened by CES 's are becoming more business-
such mctors as outsourcing, downsizing focused and are thus being affected by 
and budget constraints. This is true for international business and 
both developed and developing countries management trends. 
~ ~ 
Universally accepted standards for clinical 
engineering do not exist 
u 
There is a need to identifY critical and 
universal indicators ofperformance & 
sustainability for CES's. 
A comprehensive methodology is 
required to develop these 
indicators. 
Figure 2.1: Summary of Section I of Literature Review 
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II. BACKGROUND: DEVELOPMENTS IN MANAGEMENT AND 
MEASUREMENT OF SERVICE PERFORMANCE 
The health care industry is being forced to face commercial and global realities. 
In-house clinical engineering seIVices face significant competition from third-
party service providers, manufacturers and maintenance insurance programmes. 
With the shift of Clinical Engineering Services to a more business oriented focus 
(Autio & Morris, 1995), it is important to look at international trends in the 
business/engineering management world as a whole. 
2.5 INTERNATIONAL TRENDS IN MANAGEMENT 
The 1990s have seen several buzz words taking the management world by storm 
namely: change management (e.g. benchmarking, re-engineering), total quality 
management / quality assurance and outsourcing. 
2.5.1 Benchmarking 
Business process benchmarking, as defined by Thor and Jarrett (1999), is: 
"the systematic comparison of elements of the performance 0 an 
organisation against that of other organisations, usually with the aim of 
mutual improvement". 
Benchmarking is the continuous process of identifying, analysing and adopting 
the best competitive practices in related industries. It is best seen as a part of the 
continuous process of total quality improvement, which identifies, prioritises, 
implements and monitors change in the delivery of services to provide the greatest 
benefit to the customer (Gordon, 1995). 
Forms of benchmarking include financial benchmarking, product or service 
benchmarking and strategic benchmarking. 
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Benchmarking has become recognised in recent years as a valuable performance 
and evaluation technique. It has contributed to the critical challenges of many 
organisations in the improvement of competitive business performance and in the 
management of change (Dence, 1995). In order to achieve and sustain such 
improvements, organisations are now seriously looking into strategies to improve 
productivity - usually in response to some threat. Such strategies include the 
utilisation of processes such as ergonomic interventions, outsourcing, 
rationalisation and downsizing. 
2.5.2 Re-engineering 
Thor and Jarrett (1999), quoting Hammer (1995), define re-engineering as: 
"the fundamental rethinking and radical design of business processes to 
achieve dramatic improvements in ... performance such as cost, quality 
service and speed .... " (Hammer, 1995). 
Or less dramatically it can be defined as: 
" ... changing processes, organisational structures, management style and 
behaviour, compensation and reward systems, as well as relationships 
with shareholders, customers, suppliers and other external partners." 
(Kelada, 1996). 
Re-engineering is about stripping away what a company does, analysing the core 
processes which make up its business, and then reassembling them more 
efficiently in a way which is free of functional divides and bottlenecks. Re-
engineering returns organisations to first principles (Crainer, 1996). 
According to Thor and Jarrett, Leth (1994) constructively divides reengineering 
into four types: (i) structural design, (ii) technical design, (iii) managerial change 
and (iv) behavioural change. Unlike continuous improvement, reengineering is 
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synonymous with innovation. Many organisations are taking part in re-
engineering initiatives in order to remain abreast with the general management 
trends. 
However, according to Crainer (1996), practical implementation of re-engineering 
concepts has been held back by two central pitfalls: 
• The human implications are often ignored, overlooked or underestimated 
• The revolution does not affect the attitudes and behaviour of managers -
thus exacerbating the problem. 
2.5.3 Quality 
When the International Organisation for Standardisation released the 1S09000 
series of quality management in 1987, the world was for the fIrst time provided 
with a common defInition of what a minimum quality management system should 
consist of (Zairi, 1996). Many organisations were thus forced to re-evaluate the 
standards they had developed for themselves in an effOlt to keep in line with the 
general international standards. 
De Cock and Hipkin (1997) give a defInition of Total Quality Management 
(TQM) as: 
"TQM... refers to a management process directed at establishing 
organised continuous improvement activities, involving everyone in an 
organisation in a totally integrated effort towards improvingperjormance 
at every level" (Almaraz, 1994) 
TQM implementation tends to incorporate the following principles: 
1. the generation of objective data ('facts') for the systematic improvement 
of work processes and products as a prerequisite for taking actions 
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2. focus on key problem areas (frequently where it is likely that a dramatic 
increase will result 
3. employee involvement and empowerment 
Professionals in all industries worldwide have come to consider 1S09000 
certification as a critical competitive advantage, and health care is no exception. 
Certification assists in increasing both real and perceived value of organisations. 
ECru has developed the 1S09000 Quality System for Medical Equipment 
Service, including a 'Quality Manual' and "Quality Procedures and Work 
Instructions' to put biomedical/clinical engineering service providers on the fast 
track towards 9001 or 9002 certification. 
A key feature of all quality initiatives has been a focus on the requirements of the 
customer/client receiving the service of the organisation. 
2.5.4 Outsourcing / Core Competencies 
Outsourcing, according to Gay & Essinger (2000), is a relatively new term for a 
strategy that has been used for many years in organisations. It can be applied to 
many different types of commercial relationships between purchasers and 
suppliers - co-sourcing, subcontracting, partnering, joint ventures, third party 
contractors, etc. Different types of outsourcing include: (i) contracting out the 
activities, (ii) outsourcing the selvice, (iii) insourcing, (iv) co-sourcing and (v) 
benefit based relationships. 
According to the authors, studies have shown that the main benefits derived from 
outsourcing are: 
• Reduction in the cost of obtaining the service 
• Reduction in the headcount of the organisation 
• Flexibility in terms of service delivery 
• Access to expertise 
• Improved service 
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• Extra management time 
• Focus on core selVices 
• Improved quality 
• Less need for capital investment 
• Cash inflow 
Unfortunately, many outsourcing ventures prove to be unsuccessful - and fall 
under the umbrella of 'failure to achieve benefits'. This is because organisations 
fail to take into consideration ten 'success factors' outlined by the Outsourcing 
Institute (Gay & Essinger, 2000) namely: 
1. understanding company goals and objectives 
2. a strategic vision and plan 
3. selecting the right vendor 
4. ongoing management of the relationships 
5. a properly structured contract 
6. open communication with affected individuals/groups 
7. senior executive support and involvement 
8. careful attention to personnel issues 
9 . near-term financial justification 
10. use of outside expertise. 
A number of these trends are presently being applied to the clinical engineering 
field internationally (Autio & Morris, 1995; Gordon, 1995). 
2.6 PERFORMANCE MEASUREMENT 
The available management literature only described methods for developing 
measures of peiformance or quality. No literature was found for sustainability 
measures. Given that performance and quality play a major role in the 
sustain ability of any institution, it is assumed that the methods described in this 
chapter can be extended to the development of sustainability indicators. 
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2.6.1 Introduction 
According to Kaydos (1991), perfonnance measurement is essential for achieving 
and maintaining high levels of productivity and quality, for good management 
control and planning, and for developing and motivating an organisation. 
However, the most valuable benefit of proper perfonnance measures is a sound 
understanding of how a production system works - be it a department, a person or 
a physical process - and the forces that drive it. 
A. Key Concepts and Definitions 
By way of introduction, tenns that will be used in the following section are 
defined as follows: 
a. Performance: An actual work accomplishment or output (not to be confused 
with work behaviour) (Harbour, 1997). Quality and productivity are 
dimensions of a higher-level measure called 'perfonnance' or 'effectiveness' 
(Kaydos, 1991). 
b. Performance Measurement: The process of measunng work 
accomplishments and output, as well as measuring in-process parameters that 
affect work output and accomplishment (Harbour, 1997). 
c. Process: A process represents the transfonnation and blending of a set of 
inputs into a more valuable set of outputs. Outputs can be products, services 
or accomplished tasks. A process can further be subdivided into a series of 
interrelated activities. Activities can in tum be subdivided into individual 
process steps (e.g. operation, transportation, delay, inspections, storage and 
rework) (Kaydos, 1991). 
A 'core process' is the sequence of work activities that provides goods andlor 
services to customers. 
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d. Productivity: The ability to combine and convert inputs (labour, capital, 
materials and other resources) into outputs (goods and/or services), which 
satisfy market needs (Harbour, 1997). Productivity can also be seen as a 
relationship between output and input of a given process, i.e. P 
Output/Input = (production of some desired result)/(consumption of 
resources) (Brinkerhoff & Dressler, 1990). 
Distinctions can be made between: 
• Technical productivity: associated with the workplace; concems direct 
goods or services 
• Economic productivity: concerned with long-term cost effectiveness 
• Social productivity: desirability and/or usefulness of products or 
services produced. 
e. Quality: conformance to requirements (stated or implied) (Ke1ada, 1996). 
This includes internal measurements, e.g. number of rejects; and external 
measures such as customer satisfaction rating. Alternatively, quality can be 
defined as the degree of excellence of a product or service. 
f. Indicator: An indicator is an objective, quantitative variable that indicates or 
measures a characteristic of a system. It is objective in that different observers 
can obtain the same measurement. Also known as a comparative metric, an 
indicator is a measure of performance and function, and is often used as part 
of a quality assurance programme. 
B. Why Develop Performance Measures? 
According to Harbour (1997) companIes are discovering that performance 
measures can help any organisation: 
• Determine where they are - that is, establish an initial baseline "as is" 
performance level 
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• Establish goals based on their current perfonnance 
• Detennine the gap between a set of desired goals and current perfOlmance 
levels 
• Track progress in achieving desired perfonnance goals 
• Compare and benchmark their competitors' perfonnance levels with their 
own 
• Control perfonnance levels within predetermined boundaries 
• Identify problem areas and possible problem causes 
• Better plan for the future. 
In addition, Brinkerhoff and Dressler (1990) state that frequent applications of 
productivity measurement specifically (as a dimension of performance) include: 
• Spotting productivity declines to give "early warning" signs 
• Comparing productivity across individuals, units, organisations and 
industry to make management decisions 
• Linking management and labour in productivity improvement efforts to 
build common awareness and responsibility 
• Demonstrating productivity gains to interested stakeholders 
• Conducting research and evaluation related to new or experimental 
methods 
• Supporting incentive and bonus plans with objective productivity data. 
C. General Types of Measures 
a. Partial versus Total Measures 
According to Brinkerhoff & Dressler (1990), the distinction between total 
and partial measures relates entirely to the level of analysis. Specifically 
addressing the issue of productivity, the authors state that a total measure 
reflects productivity at the level of the whole organisation, while a partial 
measure reflects productivity at a lower or unit level. Partial measures can 
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be added to create aggregate measures of productivity. "Aggregate" partial 
measures are especially useful when the output is heavily dependent on 
several inputs. 
Partial measures are often more useful than total measures, because they 
isolate one, or few, inputs or outputs. Thus, they help managers to 
understand the role of discrete inputs as they impact on productivity, and 
thus enable fine level adjustments and improvements in operations. 
With respect to performance of a clinical engineering service, an example 
of a total measure could be: Total overhead (fixed) cost per hour, while a 
partial measure would be: Labour cost per repair per equipment type. 
b. 'Family' Measures versus Single Measures 
The science of measurement requires that large, complex phenomena be 
"reduced" to objective, operational, and measurable dimensions that can 
be quantified (Brinkerhoff & Dressler, 1990). 
Where there is a rigid demand for a single, unitary indicator of 
performance, a single measure is clearly the choice. However, single 
measures rarely reflect the true state of things, as there are always multiple 
interests, goals and values. 
A family of measures, which represents a group of interrelated aspects of 
performance, provides more discrete infOlmation about total unit 
performance than a single measure, and is thus more compatible with 
decision making in a context where trade-offs are common. 
2.6.2 Key Performance Factors 
Kaydos (1991) states that without a clear definition of institutional strategy and 
what "performance" means for each department to support that strategy, there is a 
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real danger of "sub-optimisation", or of "spending $1.15 to save $1.00", for 
example. This occurs when the department objectives are not consistent with the 
needs of the whole institution and each other. Maximum performance of the 
whole does not result from trying to independently maximise the performance of 
each of the parts. 
Achieving maximum performance is a balancing act, not a simple problem of 
optimising one variable. Management must determine the most important factors 
for the entire institution, then assign departmental objectives and performance 
measures that are consistent with them. 
A. Variables to Measure 
Figure 2.2 shows the variables that must be measured in order to properly monitor 
performance of any production process - be it a department, a person or a physical 
process. 
The variables are defined as: 
• Work inputs: demands made on the production system 
• Quality inputs: measures of the quality of incoming work 
• (Operational) variance inputs: unrecognised quality problems generally 
not directly associated with the product 
• Resource inputs: money, manpower and materials used to produce the 
products 
• Environmental factors: forces or conditions outside the production 
system which affect its performance 
• Constraints: variables that must be held within certain limits e.g. capacity 
limits (real) or maximum order processing time (conceptual) 
• Product outputs: useful products or services produced 
• Quality outputs: measure how well the goods or services produced 
conform to their specifications 
• Variance outputs: as with variance inputs 
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• Waste: any resource that does not result in useful output 
• Productivity: ratio of output to input 
• Performance measures: top level gauges of how well the production 
system is operating in a good/bad sense (depends on point of reference) 
• Behaviour measures: second level factors that explain how the major 
parts of the production system interact (depends on point of reference) 
• Diagnostic measures: used to isolate problems to their actionable level 
(depends on point of reference). 
WORK INPUTS 
QUALITY INPUTS 
VARIANCE INPUT S 


































Figure 2.2: Measurements Required to Monitor the Performance of any Production System 
(Kaydos, 1991) 
According to Kaydos, the key to having a cost-effective performance 
measurement system is to measure everything that matters and not much else. 
Experience indicates that with a well-designed system, ten to thirty variables are 
usually sufficient for a department, business unit, institution or organisation. 
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B. A Family of Performance Measures 
Harbour (1997), concurs with Kaydos, and states that the key to collecting 
perfonnance measures is to identify those measures (and only those) that provide 
the greatest infonnation and are most usable. In keeping with the concept of a 
family ofmeasures for perfOlmance, these typically include: 
• Productivity: (as defined in 2.6.1 A) 
• Quality: (as defined in 2.6.1 A) 
• Timeliness: assesses whether process takes place at the time intended 
• Cycle time: amount of time to proceed from one defined point in a 
process to another (or same point in the next cycle) i. e. how long a process 
takes 
• Outcome: measures of the effects of the outputs of the system. Outputs 
often represent the various objectives of the system and may be used as 
intennediate indicators of sub-optimal perfonnance by the system (Thor, 
1993) 
• Costs: this is especially useful if calculated on a per unit basis 
• Resource Utilisation: the measure of resources used vs. resources 
available for use (Thor, 1993) 
Correlation refers to the degree of relatedness between two (or more) variables. 
Positive correlation means that as one variable increases or decreases, another 
variable increases or decreases in the same fashion - i.e. a direct relationship. 
Negative correlation describes inversely related variables. Correlations range 
from 0 (no correlation) to 1 (perfect correlation). 
Therefore a family of measures should contain separate measures that are not 
closely correlated, i.e. focus on a critical few and not a trivial many. 
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2.6.3 Developing Effective Performance Measures 
Brinkerhoff & Dressler (1991) state that it is a basic tenet that any measure should 
be accurate. However, measures must be more than simply accurate ifthey are to 
be constructively used in a complex organisational setting. 
A. Criteria for Measurement Effectiveness 
In order for measurements to be successfully adopted as part of a continuing 
performance improvement process, they should satisfy certain criteria. These 
criteria are outlined in this section and then discussed in more detail in subsequent 
sections. Creating successful measures takes time, and especially takes careful 
consideration of organisations, their goals and the people who work in them. 
a. Quality 
The measure must define and reflect quality of production or services as well 
as quantity. A measure that assesses only quantity of outputs can lead to 
reduced productivity. 
b. Mission and Goals 
The measure must define and assess only outputs and services that are 
integrated with organisational mission and goals. Measures directed to 
products and services that are not consistent with mission and goals threaten 
productivity. 
c. Rewards and Incentives 
Measures must be integrated with performance incentives, reward systems and 
practices. Measures that have no important contingencies will not work to 
improve productivity. 
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d. Employee Involvement 
There must be involvement of organisation employees, and other direct 
stakeholders, in the definition and construction of productivity measures. J ob-
holders themselves are most knowledgeable about the details of the jobs, and 
are thus best able to conduct the sort of analysis that leads to the identification 
of critical work dimensions and measures. Employees are much more likely to 
use, and much less likely to sabotage, a system that they themselves have 
helped to build. Involvement also achieves the necessary goal of awareness 
and understanding of productivity measurement purposes and procedures in 
the organisation. 
B. Inputs for a Performance Measurement System 
Chang and Morgan (2000) state that organizations that effectively manage 
measures achieve superior business results. To this end, the authors describe a 
"scorecard" system for managing performance measures. Simply defined, a 
scorecard is a set of measures -linked to organisational strategies and goals - that 
provides a balanced and timely view of business performance specific to an area 
of responsibility, i.e. it used to evaluate and manage a business. 
Chang and Morgan propose a six-step methodology for developing scorecards. 
These steps are: Collect, Create, Cultivate, Cascade, Connect and Confirm. The 
first two steps provide some useful information for the development of 
performance indicators. 
Collect Phase 
1. Obtaining top-level objectives, measures and targets 
2. Identifying customers and key requirements 
3. Defining core process chains, where a 'core process' is a sequence of work 
activities that provides goods andlor services to customers 
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4. Documenting high-level process flows 
5. Gathering existing measurement data for core business processes. 
Outcomes of this phase include: 
• A 'snapshot' of business customer-supplier process chains 
• High-level flow charts of core processes. 
It is imperative to be aware of the needs and expectations of the customers. 
Without them there is no business. Figure 2.3 summarises the key inputs of the 




Strategies, and Objectives 
Business Processes for Achieving 
Objectives and Serving Customers 
Figure 2.3: Scorecard measures aligned with customers' needs and expectations, corporate 
vision and business processes (Chang & Morgan, 2000) 
Create Phase 
During this phase a scorecard is developed that: 
• supports management commitments and plans 
• monitors work processes 
• relates to customer needs 
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• measures achievement of key business goals 
• clarifies responsibility and ownership. 
The steps involved in developing a performance scorecard are: 
1. Review scorecard development planning inputs. This can be done by 
reviewing institutional goals and measures, to identify the priorities for the 
department's outputs and contributions. 
2. Define key result are as 2. 
3. Relate business objectives to key result areas. This can be done by 
reviewing performance contracts and service agreements to identify 
requirements and designated work outcomes. 
4. Brainstorm potential measures. 
5. Select the key indicators for performance scorecard. 
6. Develop action plans for compiling and reviewing the key indicators. 
Guidelines for identifying key result areas are: 
• What primary products or services are delivered to customers? 
• What business results are emphasised by management? 
• What results consume the majority ofteam resources? 
• What categories of results are defmed in customer agreements? 
• What categories of results are defined by corporate strategies? 
Typical result areas include financial success, customer loyalty, market 
leadership, employee development, operational effectiveness and community 
impact. 
Outcomes of this phase are a set of performance measures that are linked to 
institutional goals, business objectives and customer requirements. Combining 
2 Key result areas are critical, must-achieve, make-or-break business outcomes 
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this with the four criteria suggested by Brinkerhoff and Dressler produces an 
effective perfonnance measurement system. 
2.6.4 The Starting Point: InstitutionallDepartmental Mission 
The starting point towards achieving superior perfonnance in any organisation is 
the establishment of a statement of purpose or Mission (Christopher & Thor, 
1993). 
The mission is a statement defining the dimension and scope ofresponsibility of 
the organisation or business unit. Basically, what products and services, for what 
markets and which customers, will build the success ofthe particular organisation 
or business unit? 
According to Christopher (1993) the essentials are to: 
1. Define the Mission 
2. Make the Mission specific through strategic goals and perfonnance 
measures. 
3. Integrate the Mission with subordinate unit goals and measures. 
4. Develop the organisational effectiveness that will make the goals 
attainable. 
5. Design the infonnation system and feedback measures. 
6. Involve everyone in the process. 
7. Recognise and reward perfonnance achievement. 
Bronzino (1992) further adds that the mission statement and list of objectives of a 
CES must confonn to the overall strategic plan of the hospital. 
2.6.5 Customer Needs and Expectations 
The concept of "customer" or "client" is integral to perfonnance measurement, 
even though the customer does not appear in the measure itself (Brinkerhoff & 
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Dressler, 1991). The customer is defined as an individual or organisation that 
receives, uses or is impacted by a product or service. 
A. Why Measure Customer Expectations? 
Important reasons why customers must be identified and considered include: 
• Identifying customers helps to clarify which outputs of a unit are 
important 
• Customer needs and expectations are the basis from which measurable 
quality criteria are derived. 
Scheuring (in Christopher & Thor, 1993) further adds that organisations measure 
customer expectations and perceptions to achieve four basic benefits, namely: 
1. understanding and gauging customer requirements and views 
2. achieving optimal resource allocation 
3. achieving continuous performance improvement 
4. obtaining a sustainable competitive advantage. 
B. How to Measure Customer Expectations and Perceptions 
Scheuring adds that there are basically two types of approaches that can be used 
to measure expectations and perceptions of the customer: 
• Qualitative research is used to develop insights about the nature and 
content of customer expectations and perceptions and the forces that drive 
them. Its most significant, versatile and useful technique is the focus group 
interview. 
• Quantitative research aims to quantify criteria, considerations and 
relationships in order to deliver factual data in the form of frequencies, 
percentages, indices etc. Its most frequent use is in the self-administered 
questionnaire survey. 
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Questionnaires can be used to measure any and all of the following: 
• content of expectations 
• level of expectations 
• importance of individual expectations 
• potential trade-offs 
• influences shaping customer expectations 
• company performance as perceived by customers. 
C. Measuring Performance Against Customer's Expectations: 
SERVQUAL 
One very popular method for measuring customer expectations and perceptions of 
selVice quality - and the subsequent gap between the two - is the SERVQUAL 
instrument. 
The authors Parasuraman et al (in Christopher & Thor eds, 1993) have shown in 
their research that customers evaluate a firm's selVice quality by comparing 
selVice performance (perceptions) with what they think performance should be 
(expectations). In effect, customers' selVice expectations provide a context for 
their assessment of the service. When service performance falls short of 
expectations, a selVice quality gap results. A SERVQUAL model is outlined in 
Fig. 2.4 
The 22 paired questions (expectations vs. perceptions) in SERVQUAL reflect 
specific attributes within each of five broad selVice dimensions that the authors' 
research has shown to represent the criteria customers use to judge selVice 
qUality. The five dimensions are: 
1. Tangibles: the appearance of physical facilities, equipment, personnel, 
and communication materials. 
56 
2. Reliability: is the ability to perfoffil the promised seIVice dependably 
and accurately 
3. Responsiveness: the willingness to help customers and provide 
prompt seIVice. 
4. Assurance: the knowledge and courtesy of employees and their ability 
to inspire trust and confidence. 
5. Empathy: the caring, individualised attention the fiffil provides its 
customers. 
Word of Mouth 
Communications 







Figure 2.4: The SERVQUAL Model 











What managers and customers see as important 
What managers see as important and the specifications 
The specification and the delivery 
The delivery and the claim/promise 
Expectation and perceptions 
It is important to measure the relative importance of these dimensions. This can 
be done by using the Likert Scale i.e. a five or seven-point scale anchored at the 
ends by the labels: Strongly Disagree (= 1) and Strongly Agree (= 7). 
2.7 QUALITY AND QUALITY ASSURANCE 
Franco et al (1997) state that quality deficiencies can be found in any health care 
setting, from the most sophisticated urban hospital to the village clinic. Poor 
quality reduces the benefit to clients, fiustrates health care providers and wastes 
scarce health resources. A systematic, ongoing process of ensuring and improving 
quality is therefore an essential component of an effective, efficient and 
responsive health care system. 
Such an approach in a health care delivery system dictates that clinical 
engineering departments justify their performance and existence on the same basis 
as any business: the performance of specific functions at a high quality level and 
at a competitive cost (Autio & Morris, 1995). 
2.7.1 Dimensions of Quality 
According to Kaydos (1991) quality has several meanings depending on the 
customer's needs and wants. Recognised quality factors for a physical product 
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include: perfonnance, features, reliability, confonnance, durability, serviceability, 
aesthetics, value and perception. For services, quality includes: availability, 
regularity, reliability, responsiveness, assurance, empathy, cost and value. 
Quality is a comprehensive and multifaceted concept. Experts generally recognise 
several distinct dimensions of quality that vary in importance depending on the 
context in which a Quality Assurance effort takes place. Brown et al (1999) 
define these dimensions specifically for health services as: 
• Technical competence: the skills, capability and actual perfonnance of 
health providers, managers and support staff 
• Access to service: health care services (or support services) that are 
unrestricted by geographic, economIC, socio-political, cultural, 
organisational or linguistic barriers. 
• Effectiveness: the extent to which a service, product or intervention 
achieves the desired results or outcomes. 
• Interpersonal relations: the interaction between providers and clients, 
managers and health care providers, and the health team and the 
community. 
• Efficiency: providing the greatest benefit within the resources available 
i.e. optimal benefit. 
• Continuity: providing the complete range of services required without 
intenuption, cessation or unnecessary repetition. 
• Safety: minimising the risks of injury, infection, hannful side-effects, or 
other dangers related to service delivery. 
• Amenities: the features of health services that do not directly related to 
clinical effectiveness, but may enhance the client's satisfaction and 
willingness to return to the facility. 
2.7.2 Defining Quality Assurance 
Quality Assurance describes all the planned and systematic actions that are 
carried out to set standards and to monitor and improve perfonnance so that the 
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service provided is as effective and safe as possible, i.e. providing adequate 
confidence that a product or service will satisfY requirements for quality. 
Within the health care delivery system, Brown et al point out that quality 
assurance (QA) has primarily been used by hospitals in developed countries and 
they have relied heavily on standards developed by accrediting agencies such as 
JCARO. However, there has recently been an explosion of interest in developing 
national QA programmes - even in developing countries. Reasons for this 
includes: 
• Democratisation movements have led politicians to consider more 
carefully the demands of citizens for better quality care. 
• Economic problems in all countries have limited their ability to improve 
quality by spending more. There is thus the realisation that quality 
improvement can only be achieved by improving the efficiency and 
effectiveness of current resources. 
• Managers see the need for more cost recovery; however, they realise that 
services can only be charged for if the quality is improved. 
• The success of quality management approaches used by industry in Japan, 
and more recently in the USA and Europe, has inspired health care 
organisations to apply these methods to their QA programmes. It has been 
found that dramatic improvements in quality and efficiency can be 
achieved in only five years. 
2.7.3 The High Costs of Low Quality 
Many managers believe that there is a cost-quality trade off, i.e. raising quality 
will cost more or that reducing costs means lower quality. Many organisations are 
now realising that, in the long run, low quality has high costs (Ovretveit, 1992). It 
is therefore important to identify areas contributing to low quality, which 
Christopher (1993) describes as Non-Quality Costs. Measuring and reducing Non-
Quality Costs produces high quality, improves productivity, strengthens market 
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position and can significantly improve profitability. It focuses efforts on the 
actions needed to: 
• eliminate error 
• reduce waste 
• shorten cycles and delays 
• satisfy customers. 
Christopher (1993) subsequently provides a guideline for thinking about and 
identifying Non-Quality Costs and thus help in the development of suitable 
indicators: 
a. Internal Costs of Non-Quality Performance 
Research and Development 
• New product firilures 
• Project five-year savings or 
income less than satisfactory 
• Engineeringchangeorders 
• Troubleshooting or :fu.ilure 
analysis 
• Missed project benchmark 
deliverables 
General 
• Corrective action, cost to fix 
• Cost ofinjuries 
• Absenteeism 
• Employee turnover 
• White collar, professional and 
management rework 
• Meetings that don't 
accomplish a needed result 
Executive Management 
• Cost ofrestruc1uring 
• Lengthy planning and budgeting processes 
• Redoing budget proposals 
• Lengthy capita1 appropriation procedures 
• Inappropriate management strategy 
• Data entry errors 
• N on-value-adding travel 
• Doing work not needed 
• Rework 
• Re-inspection, retest 
• Downtime not scheduled 
b. External Costs of Non-Quality Performance 
• Warranty costs 
• Recalls 
• Field flilmes 
• Customer complaints 
• Field-installed engineering 
changes 
• Lost customers 
• Loss of share with target customers 
• Product liability cost, insurance premiums 
• Regulatory tines and corrective actions 
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2.7.4 The Quality Assurance Process 
The Quality Assurance Project (QAP), an organisation initiated in 1990 to 
develop and implement sustainable approaches for improving quality of health 
care in developing countries (Brown et ai, 1999), suggest that four principles 
should be adhered to in an ideal quality assurance programme: 
1. A focus on client needs (both external and internal) 
2. A focus on systems and processes 
3. A focus on data to analyse service delivery processes and make decisions 
4. A focus on participation and teamwork in quality improvement. 
The following are the 10 steps of the Quality Assurance process that the QAP 
suggests: 
DESIGNING FOR QUALITY 
1. Planning for QA: Develop a vision and strategy for QA activities, assign 
duties and allocate resources. 
2. Developing guidelines and setting standards: Defme expectations for quality 
health services. 
3. Communicating guidelines and standards: Ensure that those who must apply 
the standards are aware of them, understand them and believe in them. 
MONITORING 
4. Monitoring quality: Develop indicators and collect data to measure 
performance and to identify current or impending problems. 
PROBLEM SOLVING AND IMPROVING PROCESSES 
5. Identifying problems and selecting opportunities for improvement: 
Examine information through monitoring, talking to people, conducting special 
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sUlveys in order to identify existing or ongoing problems. Then select the most 
important problem(s) or problematic process(es) to tackle. 
6. Defining the problem operationally: Develop a clear statement of the 
problem in terms of its measurable effect on health service processes. 
7. Identifying who needs to work on the problem: Determine which persons or 
groups should take part in the problem-solving process to help in analysing the 
problem and in developing and implementing solutions. 
8. Analysing and studying the problem to identify major causes: Gather and 
analyse data to understand the nature of the problem and its principal or "root" 
causes. 
9. Developing solutions and actions for quality improvement: Generate a list 
of likely solutions, choose the one(s) which best address the principal causes 
and design a practical, feasible solution. 
10. Implementing and Evaluating QA efforts: Plan the implementation of the 
solution (who, what, where, when, how) execute the test, and determine 
implemented solutions to ensure they are working. Care needs to be taken to 
ensure both that sufficient data is collected to have the essential facts and that 
too much time not be spent collecting more data than really needed. 
Step 4 highlights the importance of developing performance indicators as a 
method of monitoring quality. 
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2.8 SUMMARY OF SECTION II OF LITERATURE REVIEW 
Following on from Section I of the literature review, several key points can be 
picked up from the business management literature reviewed in Section II: 
~ 
CBS's are becoming more business-
focused and thus are affected by 
recent trends in business and 
management 
Need to consider 
international management 
.-----------------------------------I 
: Point towards 2 crucial concepts: I 
I performance measurement & quality 
----------------r-------------------
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• Client needs 
• Systems& 
processes 
• Data for analysis 
• Participation & 
teamwork 
III. PERFORMANCE AND SUSTAINABILITY OF CLINICAL 
ENGINEERING SERVICES 
2.9 DEVELOPING INDICATORS 
An indicator is an objective, quantitative measurement of an outcome or process 
that relates to perfonnance quality. It is objective in that different observers can 
obtain the same measurement. Indicators can assess many different aspects of 
quality, including accessibility, appropriateness, continuity, customer satisfaction, 
effectiveness, efficacy, efficiency, safety, prevention/early detection and 
timeliness (Autio & Morris, 1995). 
2.9.1 Classification ofIndicators 
There are different types of indicators, as described by AAMI (1990) and Autio & 
Morris (1995) i.e.: 
• A Programme indicator is used as a perfonnance measure. The indicator 
IS: 
o reliable if the same measurement can be obtained by different 
observers 
o valid if one can identify opportunities for quality improvement 
o relevant if it is applicable/pertinent to its users and customers. 
• Discriminatory capability is the extent to which the indicator 
demonstrates variation in perfonnance within the same sector. 
• An Outcome indicator assesses the results of a process or direct 
outcome. 
• A Process indicator assesses an important and discrete activity that is 
carried out during the process. 
• A Structure indicator is a measure ofthe element within a department or 
organisation that provides the capacity to perfonn a process. 
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Indicators can also be classified as sentinel-event indicators and aggregate data 
indicators. 
• A sentinel-event indicator is a perfonnance measurement of an individual 
event that triggers further analysis. 
• An aggregate data indicator is a perfonnance measurement based on 
collecting data involving many events. These events occur frequently and 
can be presented as: 
o a continuous variable indicator where the value can fall 
anywhere along a continuous scale or 
o a rate-based variable indicator which is the value of a 
measurement that is expressed as a proportion or ratio. 
Finally, indicators can also be classified as (Packer NIB, in Christopher & Thor, 
1993): 
• Direct, i.e. measure perfonnance clearly and explicitly 
• Indirectlproxy, when perfonnance cannot be easily or completely 
quantified 
• Objectively assessable 
• Subjectively assessable. 
General indicators should be developed to provide a baseline monitoring of 
perfonnance. 
2.9.2 Seven Steps to Developing Performance Indicators 
Brinkerhoff & Dressler (1990) suggest a seven-step method for developing 
productivity measures. These have been adapted for developing perfonnance 
indicators as a whole: 
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1. Mission statement Write a mission statement for the unit that identifies 
the major goals and customers of the unit. The mission statement must be 
complete and be compatible with the mission of the larger organisation. 
2. Expectations. IdentifY for each customer the unit's products and/or 
selVices. Expectations must clearly identifY and explain quality needs and 
expectations held by each major customer group for the unit's products 
and selVices. 
3. Key outputs. IdentifY outputs that are important to the unit's mission, 
responsive to customer needs and expectations, and account for the 
majority of expenditures of the unit's resources. 
4. Major functions. IdentifY and describe the major functions of the unit. 
These must clearly represent unit operations and inputs and explain how 
key outputs are produced. 
5. Output measurement selection. Construct measurement techniques for 
one or more key outputs that will produce the most practical and useful 
quality and productivity information. 
6. Input measurement selection. Construct measurement techniques for one 
of more key inputs that are critical to the production of the outputs 
selected in Step 5. 
7. Index construction. Construct one or more performance measures to 
incorporate the output and input measures into a sensitive, practical and 
useful index. 
2.9.3 Operational Requirements for an Effective Measurement System 
While it is important to measure all the right variables for an effective 
performance measurement system, it is not sufficient. Kaydos (1991) suggests 
that to be effective - i.e. it is used to improve the organisation's performance and 







• Validity: the perfonnance measures must measure what counts and must 
be accepted and understood by the users. It must also not be easily 
manipulated to achieve desired results (Harbour, 1997). 
• Completeness: the productivity and quality measures must be "closed" in 
the sense that they consider all aspects ofthe balancing act that have to be 
perfonned. 
• Sufficient detail: Tthe Law of Requisite Variety states that if a system is 
to be controlled, the controlling system must have at least as much variety 
as the system to be controlled. 
• Accounting for the performance gap: the measurement system must 
account for at least 80% of the gap (or variation) between actual and 
desired or nonnal perfonnance. 
• Sufficient measurement frequency: if measurements are not taken often 
enough (low sampling frequency) the infonnation can be misleading. 
• Timeliness: infonnation loses its value very quickly - timeliness IS 
essential for diagnosing problems and for reducing the delay between a 
stimulus and the corresponding response. 
• Useful accuracy/ reliability: the absolute value of a perfonnance measure 
is not necessary for identifying problems and guiding behaviour. What is 
important is whether or not its trend is up or down, and how its current 
value compares with historical perfonnance. 
• Long-term consistency: the measurement units must not be affected by 
changes in any factors that may change with time. This will make 
historical comparisons possible. Percentages or ratios are usually best. 
• Accountability: the system will not be of much value unless there is strict 
answerability for each and every measure. 
• Trust and credibility: the output of an infonnation system can be no 
better than its input. Without trust and credibility, data reported and 
infonnation exchanged is likely to be filtered and distorted. 
• Efficient: the measurement used must be easy, cost-effective and focus 
exclusively on essential infonnation to eliminate any waste in the process 
(Scheuring, in Christopher & Thor, 1993). 
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• Effective: the measurement is only productive if it is used to improve the 
organisation's performance and competitiveness (Scheuring, III 
Christopher, 1993). 
• Quantifiable: employ ratios rather than absolute numbers. 
2.9.4 Criteria for Appropriate Indicators 
In addition to requirements for an effective measurement system, Packer (in 
Christopher & Thor, 1993) states that there are several criteria for determining if 
indicators are appropriate: 
1. Indicators should be comprehensive, measunng all aspects of their 
associated organisational functions. 
2. Indicators should focus on organisational functions, not current 
activities. This means that indicators should concentrate on results or ends, 
not on the specific procedures or means currently employed. 
3. Indicators should describe functions in terms that are familiar to those 
who will use the measures. 
4. Whenever possible output indicators should be comparable to input 
indicators in scope. This facilitates the creation of valid data. 
5. The indicators should be adopted to ensure comparability with outside 
organisations. 
Recommendations for the Design of Performance Measures 
Drawing from an extensive literature review on performance measurement and 
testing them on five specific applications in the aerospace and automotive sectors, 
Neely et at (1997) present the following recommendations for the design of 
performance measures. Performance measures should: 
1. be derived from strategy 
2. be simple to understand 
3. provide timely and accurate feedback 
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4. be based on quantities that can be influenced, or controlled by the 
user alone or in co-operation with others 
5. reflect the "business process" - i.e. both the supplier and customer should 
be involved in the definition of the measure 
6. relate to specific goals (targets) 
7. be relevant 
8. be part of a closed management loop 
9. should be clearly defined 
10. have visual impact 
11. focus on improvement 
12. be consistent (i.e .. maintain their significance as time goes by) 
13. provide fast feedback 
14. have an explicit purpose 
15. be based on an explicitly defined formula and source of data 
16. employ ratios rather than absolute numbers 
17. use data which are automatically collected as part of a process whenever 
possible 
18. be reported in a simple consistent format 
19. be based on trends rather than snapshots 
20. provide information 
21. be precise - be exact about what is being measured 
22. be objective not based on opinion. 
Where: bold = recommendations fuund to be important in all sectors studied 
Neely et al summarise this by providing a 'performance measure record sheet', 
specifying what a 'good' indicator constitutes. 
L Title: Should be clear and self-explanatory i.e. explains what the measure 
is and why it is important 
2. Purpose: The rationale underlying the measure has to be specified. If a 
measure has no purpose, then one can question whether it should be used. 
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3. Relates to: The business objectives to which the measure relates should be 
identified. 
4. Target: The objectives of any business are a function of all stakeholders 
(owners, customers etc.). To satisfy these objectives, an appropriate target, 
which specifies the level of performance to be achieved and a time scale 
for achieving it, should be recorded. 
5. Formula: The formula, i.e. the way performance is measured, affects the 
way people behave. It is thus one of the most challenging elements to 
specify. 
6. Frequency: Should be recorded and reported as a function of the 
importance of the measure and the volume of data available. 
7. Who measures: The person who is to collect and report the data should 
be identified. 
8. Source of data: The source of raw data should be specified - a consistent 
source of data is vital if performance is to be compared over time. 
9. Who acts on the data: The person who is to act on the data should be 
identified. 
10. What do they do: Defines in general the management process that will be 
followed should performance appear to be either acceptable or 
unacceptable. This is the most important element because it makes explicit 
the fact that unless the management loop is closed, there is no point in 
having the measure. 
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2.9.5 Managing Indicators 
Once suitable indicators have been defined, a threshold must be established and 
then the indicators should be monitored and evaluated on a continuous basis. 
Autio & Morris (1995) give a flow diagram to illustrate this (Figure 2.6). 
2.10 DEFINING INDICATORS FOR CLINICAL ENGINEERING SERVICES 
2.10.1 Clinical Engineering Database 
Autio and Morris (1995) suggest that certain data elements have to be collected, 
stored and analysed before CE performance indicators can be evaluated. These 
would be stored in a database and could include: 
• SelVice provided including: 
o equipment maintenance tasks 
o equipment management tasks 
o technology management tasks 
• In-house labour including: 
o number of hours spent providing a particular selVice 
o associated labour rate 
o identification of the individual providing the service 
• Vendor labour including: 
o hours spent and rate 
o travel and zone charges 
• Parts list including: 
o part number, description and cost 
• Timeliness 
• Problem identification 
• Equipment identification 

















Figure 2.6: Indicator Management Process (Autio & Morris, 1995) 
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These standard data elements must be carefully defined and understood, and 
should be accurate and complete. This is especially pertinent if the department 
wishes to make comparisons with other clinical engineering services. Such a 
database would allow rapid, retrospective analysis of the data to determine 
specific indicators ofperformance and sustainability. Furthermore, using existing 
data for the purposes of performance measurement is cheaper than collecting data 
specifically for the measurement (Brinkerhoff & Dressler, 1990). 
2.10.2 Performance Indicators 
Autio & Morris (1995) subsequently suggest that certain indicators could be 
developed from the database, e.g.: 
• Internal operations, consisting of: productivity, percentage scheduled 
IPMs completed within scheduled period, mean time per job activity, etc. 
• Process for quality improvement, including comparisons against pre-
determined threshold values 
• External comparisons, including: labour cost per hour, total cost per 
repair, percentage of time devoted to repairs vs. IPMs vs. consultation, 
cost of support as a percentage of acquisition value of capital inventory, 
etc. 
The Association for the Advancement of Medical Instrumentation (AAMI, 1990) 
proposed certain quality indicators that could be measured when evaluating a 
CES. These include: 
• compliance measurements; 
• counts of inspections performed; 
• quality of documentation; 
• number/quality of repairs; 
• specific equipment failures; 
• repair turnaround time; 
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• customer complaints; 
• activities carried out by the department and 
• technical competence ofpersonnel. 
In addition, Judd & Painter (2000) have proposed the following indicators: 
• Interruption of patient care due to failure in technology 
• Interruption of patient care due to failure of user to correctly apply 
technology 
• Tests requiring devices (devices not available) 
• Conditions preventable by proper application of devices (bed sores, 
infection) 
• Availabilities of home care technology (not available). 
It is important to differentiate between quality and performance measurements, 
e.g. speed of resolution of problem vs. number of inspections performed. 
The use of these indicators reduces data to meaningful information that can easily 
be monitored and analysed. They can then be used to determine 
departmental/service perfOImance, identify opportunities for quality improvement 
and in external comparisons with other departments. 
A full list of all available indicators derived from the literature IS gIven III 
Appendix B. 
2.10.3 Sustainability Indicators 
According to WHO (1999), there is quantitative evidence in various fields of the 
physical infrastructure domain which shows that the sustainability of health 
systems is affected by inappropriate physical infrastructure and technology. 
Typical examples are lack ofmaintenance which leads to additional costs of20% 
- 40% of the equipment budget and lack of inventory which increases the 
utilisation and service component of facilities by anywhere between 60% and 
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80%. More tools are needed to measure and document the contribution of 
physical infrastructure to the attainment ofhealth system objectives. 
The 1998 WHO Consultation on Physical Infrastructure and Technology 
identified certain key factors that ensure sustainability of health systems. These 
factors include: 
• physical resources, 
• financial resources, 
• human resources, 
• political commitment, 
• conducive environment, 
• legal framework, 
• logistics support, 
• cultural considerations, 
• stakeholder participation, 
• governance, 
• donor policies and 
• pUblic/private partnerships. 
The Consultation proposed a number of indicators, including: 
• % budget spent for maintenance, 
• value of installed base, 
• capital budget, 
• cost per person for physical infrastructure per year, 
• operational budget, 
• total population, 
• number of health practitioners, 




• aggregate capacities / technology level, 
• essential list of operational technology. 
With respect to indicators, the report further states: 
"WHO should provide support for further development of the model of 
sustainability of health systems proposed. The model should show 
measurable influence pathways between various elements of physical 
infrastructure and technology on the one hand, and sustainability and 
other desirable attributes for health systems of the future such as quality 
of care and service, effectiveness and efficiency, on the other. A parallel 
development should focus on tools which translate the concepts and 
methodology of the model into a practical guide for decision making by 
health care professionals. " 
2.10.4 Cost-Effectiveness of Clinical Engineering Services 
The cost of any in-house service must be known in order to compare it with other 
service options. One way to determine costs is to set a price or value on services 
provided to users. To establish the price of clinical engineering services, it is 
necessary to do the following: 
• Determine life-cycle costs of medical equipment supported by the service 
• Determine actual hourly labour costs ofthe service 
• Establish pricing options and service contract rates. 
The cost-effectiveness of the clinical engineering servIce IS critical to its 
sustainability. 
(i) Health Care Equipment Life-Cycle Costs 
Referring specifically to developing countries, Issakov (1994) states that a general 
lack of awareness, understanding, management expertise and technical 
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competence often leads to unsystematic purchasing policies based on guesswork, 
rather than careful assessment of the equipment requirements based on the 
analysis of health needs and related health selVice functions. As a result the 
recurrent cost implications (life-cycle costs) ofpurchasing medical equipment are 
often ignored and there is often inadequate budget provision for these costs. 
Issakov uses the "iceberg syndrome" to illustrate these hidden costs which 
include: operating costs, maintenance costs, staff costs, training costs, transport 
and installation costs, administration and supply costs, costs of recording and 
evaluating data and costs of removal from selVice. 
(ii) Labour Costs 
According to Bronzino (1992) this cost represents the total effective hourly cost 
of doing business and becomes the hourly labour rate at which the department's 
selVices are billed. It is particularly effective when applied to CES's because: 
• It permits direct comparisons between the costs of the CES and those of 
equipment manufactures, other CES's and third-party selVice providers. 
• It represents the single best aggregate measure of overall department 
efficiency by acknowledging all department costs and the effects of staff 
productivity. 
• It becomes a useful measure ofCE management effectiveness. 
• It selVes as a basis for all selVice cost estimates or contracts. 
Despite institutional variations in financial reporting systems, available data and 
terminology, the hourly labour cost method is based on standard (yet simple) cost 
accounting principles. In using this method, every effort should be made to do the 
following: 
• Minimise the use of unsubstantiated estimates or assumptions. 
• IdentifY accurately and use all of the applicable cost factors associated 
with the hourly labour rate equation (as incurred over a reasonable time 
period): 
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Hourly Labour Rate ($/Hr) = (Variable Costs + Fixed Costs)/Chargeable Hrs 
where: 
Variable Costs (or direct/incremental/marginal costs) are the costs assumed to 
vary (linearly) with production volume or service output. Typically these costs 
include: 
• Salary and wages (including overtime, on-pay call, bonuses or shift 
premiums) of active service staff 
• Employee benefits (% total salaries and wages). 
• Continuing education expenses (eg service schools, technical meetings, 
short courses,joumal subscriptions). 
• Office supplies and forms. 
• Liability insurance costs. 
• All non-fixed telephone charges. 
• Repair and service supplies (usually charged back to customer, therefore 
typically not included). 
• Other costs varying with departmental workload (eg travel, fuel). 
Fixed Costs (or overheadlburden) are costs that do not fluctuate with the level of 
activity. These include: 
• Effective cost of hospital floor space and associated utilities. 
• Capital depreciation (e.g. test equipment and machines). 
• Fixed telephone charges. 
• Administrative and clerical labour costs. 
• Repair parts inventory carrying costs * 
* Typical carrying costs for the manufacturing industry range from 20 - 40% of 
total inventory costs. The inventory represents a fixed cost for several reasons: 
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II 
• It takes up space, which costs money 
• Parts must be put into and taken out of storage (by paid labour) 
• The inventory must be managed, counted and recorded 
• It must be protected from pilferage 
• It can be taxed as property within for-profit organisations 
• It may deteriorate or become obsolete with age. 
Inventory-carrying costs may be evaluated against the effective cost of not having 
the parts available. 
Chargeable hours represent the maximum number o flab our hours the department 
can realistically expect to charge in the financial year. Total chargeable hours 
(TCH) is defined: 
TeH = (No. Employees) * (Available Labour Hrs/Employee) * Productivity 
where: 
• No. Employees or full-time equivalents (PTE) = full- + part-time staff 
whose time is charged out 
• Available Labour Hrs/Employee includes only regular and overtime hours. 
This can be estimated by: 
ALHlEmployee = 2080 - (Vacation Hours) - (holiday hours) - (sick hours) 
• Productivity is the number of chargeable hours divided by number of 
available hours for a given financial period 
The challenge for the CES is to determine how to maximise chargeable hours 
without: 
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• Compromising work quality (by encouraging fast, careless work) 
• Overcharging the customer (through exaggerated time reporting) 
• Creating an anti-selVice, uncooperative environment 
• Acquiring the image of a customer-insensitive, profit-only institution. 
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2.11 SUMMARY OF SECTION III OF LITERATURE REVIEW 
A comprehensive methodology is required 
to develop indicators for performance and 
sustainability of CES 's from the available 
literature 
I • Developing indicators for Clinical 
Engineering Services 
,r _._._._._._._.- -'-'-'-'-'-'-'_._.-. 
Certain data elements have to be collected, 
stored and analysed and stored in a 
Clinical Engineering Database. 
A step-by-step methodology has to be 
developed, including: mission statement, 
customer expectations, key outputs, major 
functions, output & input measurement 
selection and index construction. 
There are certain operational requirements 
for an effective measurement system, 
including: validity, completeness, 
reliability, effectiveness, quantifiable etc. 
Once indicators have been defined, a 
threshold mu st be established and 








There are different types & classifications 
of indicators, serving different functions, 
viz: programme, outcome, process, 
structure etc. 
A large number of indicators have been 
proposed in clinical engineering literature, 
but not tested or validated. 
WHO has established the need for 
indicators, associated with certain key 
factors, to ensure the sustainabilityof 
health systems - specifically the role of 
physical infrastructure and technology. 
As cost-effectiveness / affordability is a 
major consideration in determining 
sustainability of CES 's, both in developed 
and developing nations certain costs need 
to be considered i.e. medical equipment 
life-cycle costs, labour costs, pricing 
options. 
1._._._._._._._._._._._._._._._._._._.-
Figure 2.7: Summary of Section ITI of Literature Review 
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3.1 OVERVIEW OF METHODOLOGY 
Chapter 1 included an outline of the progression ofthe methodology for the study. 
This is further illustrated in Figure 3.1, seen as a 3-phase process. Each stage of 
the methodology will be elaborated on in the following two chapters. Chapter 3 























for improving the 
questionnaire 
._ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. J 
where: 
sections covered in this Chapter 









l .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _.~ 
3.2 DEFINITION OF THE RESEARCH PROBLEM 
Defining the research problem was a 4-step progression, as outlined in Figure 3.2. 
Definition of research 
problem 
.... 
Figure 3.2: Definition ofthe Research Problem 
r---------------------------------
I 
Selection of appropriate 
research methodology 
Selection of sample for study 
Definition ofobjectives of 
questionnaires 
,---------------------------------
3.3 SELECTING AN APPROPRIATE RESEARCH DESIGN 
Various research methods for obtaining the necessary information/data were 
considered at the outset ofthe study. 
The absence of information or previous studies on CED/CES performance and 
sustainability indicators ruled out the option of conducting a study based on 
secondary data. However, an extensive literature review was conducted around 
the topic of performance/sustainability measurement in general; and productivity 
and quality in clinical engineering specifically. This provided a background for 
developing the methodology and is described in the preceding chapter. 
The use of observation techniques for collecting primary data was found to be 
inappropriate, because most of the infonnation required depended on the 
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professional opinions of both expelts in the field and users/employers of clinical 
engineering selVices, and not on factors that could be directly obselVed by the 
researcher. 
The Delphi techniquet, used in the development ofa Management-By-Variance 
Tool for facilities management performance assessment, described by Neely & 
McNay (1999) was considered. This method, however, was not feasible for 
logistical and other reasons. The main principles of the Delphi technique were 
however found to be highly relevant to the study and were therefore incorporated 
in the final methodology. 
The sUlVey method was then considered to be the most appropriate for collecting 
primal)' data for the study. Reasons for this were based on the following: 
• The need to collect large amounts of previously unavailable information 
from a variety of sources. 
• The need for the collected information to be in a standardised format, 
given the fact that the field is still evolving and that there are 
region/institutional-specific differences in clinical engineering practice. 
• The fact that both qualitative and quantitative data was required. 
Zikmund (2000) states that (well-designed) sUlVeys can provide a quick, 
inexpensive and accurate means of obtaining information for studies containing a 
variety of objectives. Further advantages of sUlVeys are their flexibility and 
versatility (Alreck & Settle, 1995), which includes their ability to measure a range 
of variables (simple to complex), their ability to collect large amounts of data and 
the different sUlVey tools (e.g. personal intelView or mail questionnaire) that can 
be used. Other advantages of sUlVeys include the fact that they can be customised 
1 Delphi technique: a consultative research procedure - comprising of questionnaires, scenario workshops 
and focus group discussions - which is designed to gather expert opinion in areas where there is 
considerable uncertainty and/or lack of agreed knowledge. The constitutional requirements fur a Delphi 
group are that members should all be reasonably knowledgeable about the issue, and should therefure 
represent all the key viewpoints. The objective of a Delphi exercise is to achieve a consensus view on an 
issue, whether this be the definition of the factors contnbuting to a phenomenon, or for the creation of 
quantitative or semi-quantitative data fur such a model where no data existed previously CHinks & 
McNay, 1999). 
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to fit both the needs and the budgets of the research project, and that through the 
use of sampling, infonnation about extremely large populations can be obtained 
from a relatively small sample and then generalised. 
The next stage in the research design process was detennining the most viable 
method of data collection. Personal and telephone interviews were considered, but 
these methods were discarded mainly because of the cost and time implications of 
travelling to or phoning clinical engineering departments internationally. 
The traditional self-administered questionnaire was therefore decided upon, with 
the options of distributing (and receiving) the final questionnaires via postal mail, 
email and fax. Reasons for selecting this method were: 
• The ability to reach a large number of widely dispersed respondents at 
minimum cost, given that it is an international comparative study. 
• The ability to incorporate both structured ( quantitative) and open -ended 
(qualitative) questions in the same instrument. 
• The fact that all respondents in the different categories are presented with 
a standard set of questions, i.e. lack of interviewer bias. 
• The convenience to respondents, i.e. they could answer the 
questionnaire(s) in their own time. This was particularly pertinent, as some 
of the questions posed to respondents would require a substantial amount 
of thought. 
• The ability for respondents to be anonymous. 
The major disadvantages of mail questionnaires namely, low response rates (and 
the subsequent need for follow-ups and providing incentives to respondents) and 
misinterpretation of questions by respondents were taken into account. Rigorous 
attention to the design of the survey instruments and covering letter and frequent 




A final method for distributing the questionnaires, namely via the Internet, was 
investigated. This method was put on hold because of technical problems, but it is 
recommended to use web sUlveys for ongoing research. 
3.4 DESCRIPTION OF SAMPLE (RESPONDENTS) 
3.4.1 Target Respondents Chosen for the Study 
The next step in the design of the research methodology was targeting relevant 
participants for the study. Relevant participants are described as those individuals, 
units or organisations that have a significant interaction with, interest in or impact 
(direct or indirect) on the performance and sustainability of clinical engineering 
departments. Figure 3.3, adapted from Bronzino (1992), illustrates the range of 
interactions that of typical clinical engineering selVices within a health care 
delivery system. 
From these interactions, target groups were chosen according to the following 
criteria: 
• Ability to provide substantial information about the function, performance 
or sustainability of a particular in-house clinical engineering selVice. 
• Having a direct impact on the existence of a clinical engineering selVice, 
i.e. major decision- and/or policy-makers within the health care delivery 
system. 
• Likelihood to benefit from the identification of CES performance and 
sustainability indicators, specifically; and from the improvement of 
clinical engineering selVices, generally. 
This was in keeping with findings from the literature review, which states that an 
effective performance (and sustainability) measurement system: 
• must be aligned to the major functions of the unit/department, 
87 
• must be integrated with organisationaVdepartmental mission, strategy and 
objectives, and 
• must respond to customer/client's expectations. 
The un-shaded boxes shown in Figure 3.3 indicate the groups that were 
considered relevant for the study. 
Ministry of Health International HTM 
(Nationa1JProvincial Experts/Consultants (e.g. 
levels) from WHO, donor agencies) 












Allied Health Professionals 
(e.g. radiographers, techno-
logists, physiotherapists) 
Target Group 3 '. " 
















'.: Target Group 1 




... ~ Indicates direct interaction with CES 
................................................................. ~ Indicates indirect interaction with CES 
I I Indicates groups included in the study, according to criteria listed previously 
1·.·1 Indicates groups not included in the study, including third-party service providers 
Figure 3.3: Range of interactions of Clinical Engineering Service (adapted from Bronzino, 1992) 
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The target groups were subsequently arranged into four respondent categories, as 
shown in Figure 3.3, namely: 
1. Institutional/health facility management (including nursing management) 
2. Clinical Engineering Service personnel (both managerial and technical) 
3. Clinical Engineering Service clients i.e. users and beneficiaries (including 
doctors, nurses, allied health professionals) 
4. Representatives of national/provincial ministries of health and 
international HTM experts (including representatives of multilateral 
organisations and bilateral agencies, as well as technical consultants). 
3.4.2 Sampling Procedure 
Due to time and budget constraints and the highly specialised nature of clinical 
engineering, non-probabilitl (non-random) sampling methods were used at all 
stages of the study. This was considered acceptable because the study was 
focused on developing and testing a framework and not on producing statistically 
valid and conclusive results. 
The sampling procedure can best be described as a combination of convenience3 
(specifically judgement/purposive sampling), snowball4 and quota5 sampling. 
Within the Western Cape, respondents in all categories were selected by firstly 
consulting the Director of Engineering Services within the Department of Health, 
and subsequently identifying health facilities that had access to clinical 
engineering services. Through the Director of Engineering Services, the Chief 
Medical Superintendents at those facilities were approached for permission to 
2 Non-probability sampling: A sampling technique in which units of the sample are selected on basis of 
personal judgement or convenience (Zikmund, 2000). 
3 Convenience sampling: the sampling procedure used to obtain those units/people most conveniently 
available. Judgement/purposive sampling is a technique in which an experienced researcher selects the 
sample based upon some appropriate characteristic of the sample members (ibid.). 
4 Snowball sampling: initial respondent is selected and additional respondents are obtained by referral 
from initial respondents (ibid.). 
5 Quota sampling: sampling procedure that ensures that certain characteristics ofa population sample will 
be represented to the exact extent that the investigator desires (ibid.). 
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conduct the study at their institution and also for assistance in distributing 
questionnaires to appropriate members of the institutional management and to 
clinical engineering service personnel and clients. Where possible, clinical 
engineering management was approached directly and asked to identify relevant 
members oftheir personnel and their clients. 
A total of four institutions/regional CES's were selected, namely Groote Schuur 
Hospital, Tygerberg Hospital, Vrijzee and Red Cross Children's War Memorial 
Hospital. A minimum of five and maximum of ten questionnaires, in each 
respondent category (1 - 3) , were hand-delivered to the relevant respondents at 
each institution, depending on number of available personnel. 
Outside South Africa, respondents were targeted by firstly identifying clinical 
engineering services management, in different regions, willing to participate in 
the study. To this end, suitable correspondents in Australia, Europe and the USA 
were emailed electronic copies of the survey instruments and asked to distribute 
them according to the criteria used in the Western Cape. This input was important 
since the objectives of the study seek to establish whether international 
comparisons between clinical engineering departments can be made. 
Additional electronic questionnaires were distributed through the P AHO Infratech 
list server/discussion group. The questionnaires have also been put up on the 
IFMBE (International Federation for Medical and Biological Engineering) 
website and left as an open-ended exercise. 
Formal procedures for determining sample size, error, validity and reliability were 
not considered due to the large qualitative component of the study, and also 
because the study is still at a conceptual and developmental stage. 
3.5 DEFINING OBJECTIVES FOR THE QUESTIONNAIRES 
The literature reVIew revealed that there were no validated questionnaires 
available to use in developing performance and sustainability indicators for 
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clinical engineering departments. Previous international studies (Frize, 1990 & 
Glouhova, 1999) had only investigated the status of clinical engineering with 
respect to structure and function, and not the perfOImance or sustainability of the 
respective departments. There was therefore a need to develop a new instrument, 
to complement the previous studies, and this became the focus of the study. 
The objectives of the new instrument were based on: 
a. The objectives of the study as a whole. 
b. The variables required for an effective performance measurement system, 
as described in the literature review. 
The specific objectives of the questionnaire(s) were: 
1. Obtain information on the general mission and basic strategy of Clinical 
Engineering SelVices (CES's). 
2. To gather information about the functions and selVices of different CES's. 
3. Determine general expectations and perceptions of clients employing 
CES's etc. 
4. Develop a general consensus on the importance of CES's ill any 
institution, organisation, region or socio-political environment. 
5. Gather information peltaining to quality, performance, cost-effectiveness 
and sustainability of CES' s. 
6. To challenge the literature review obselVation on: 
a. trends affecting CBS's in recent years (e.g. business-oriented focus, 
TQM) 
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b. sustainability ofCES's being threatened in the differing environments 
(e.g. due to downsizing, rationalisation). 
7. Develop a set of standardised key indicators to be used in assessing 
CES's. 
It should be noted that it was not an objective of the questionnaire(s) to measure 
the performance and sustainability of clinical engineering departments. The aim 
was to develop the measures to be used, by drawing on the professional opinions 
of clinical engineering personnel, their clients, employers, and international HTM 
experts. 
3.6 THE PRELIMINARY QUESTIONNAIRE 
The following section describes the development ofthe preliminary questionnaire, 
which can be found in Appendix A. This questionnaire was developed to 
determine the applicability and relevance of particular themes to the different 
sample groups, as well as testing broadly for validity and reliability of the 
instrument. The steps involved are summarised in the Figure 3.4 below, with a 
brief description of each stage. It should be noted that this questionnaire referred 
to Clinical Engineering Services, as Clinical Engineering Departments (CED), 





... .. Specity themes (identified 
from literature review) 
+ 




questions in each section 
+ 
Test preliminary 
questionnaire on trial group 
• Detenrrrineapplicabilityof 
questionnaire 
Figure 3.4: Development of the Preliminary Questionnaire 
3.6.1 Specifying Themes for the Questionnaire 
The initial step in developing the preliminary questionnaire was to specify themes 
that would be incorporated. These were derived from the literature review, and are 
as follows: 
• General information about the institution being supported by/employing 
the Clinical Engineering Service (CES) 
• Specific services provided and activities performed by the CES and their 
relevance to the institution it supports 
• CES mission, vision, objectives and strategic goals 
• CES customer expectations and perceptions 
• CES equipment management system used by Clinical Engineering Service 
• CES performance 
• CES budgets and cost-effectiveness 
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• CES sustainability 
• CES quality and Quality Assurance, including accreditation and 
certification 
• Business/management trends affecting CES's 
• Suggested measures of performance, cost-effectiveness and sustainability 
of Clinical Engineering Services 
3.6.2 Organisation of Questionnaire 
The questionnaire was divided into sections, with each section representing a 
particular theme or survey topic. A junnet approach was used with respect to the 
order of sections within the questionnaire i.e. sections asking more general 
questions were placed at the beginning, and the most specific sections at the end 
of the questionnaire. There were eleven sections in total, namely: 
1. Demographic data 
2. Mission and Objectives 
3. Service provided by the CES 
4. Equipment Management 
5. Performance Factors 
6. Budget and Costs 
7. Sustainability 
8. Quality Assurance 
9. General 
10. Performance, Cost-effectiveness and Sustainability Measures 
11. Comments and suggestions for questionnaire. 
These will be described briefly in the next sub-section. 
6 Funnel technique: A procedure whereby general questions are asked before specific questions in order to 
obtrin unbiased responses (Zi1cmund, 2000) 
94 
3.6.3 Formulating Questions for the Questionnaire 
Having divided the questionnaire into relevant sections, individual questions were 
developed. Specific questions will not be described at this point, as this was not 
the final questionnaire distributed. 
Fonnallanguage was used in the questionnaire and where necessary, definitions 
were provided in the Appendix. 
Each section will now be addressed briefly. 
1. Demographic Data 
This section focused on general infonnation about the institution supporting 
the Clinical Engineering Service and contact details of the respondent. The 
specific questions were adapted from surveys by Frize (1990) and Glouhova 
(1999) respectively, and included scope of service provided by CED, hospital 
type, number of beds supported by the hospital and number of devices 
supported by the CED. The questions were structured and respondents were 
asked to choose from the alternatives provided. An 'Other' option was 
provided in the event that all options had not been covered by the question. 
An ordinaz7 scale was used where appropriate. 
Although literature on questionnaire design generally discourages placing the 
demographic section at the beginning of a questionnaire, the questions asked 
were of a general, non-threatening nature and therefore it was felt that they 
would not intimidate the respondent and could therefore be placed at the 
beginning. 
7 Ordinal Scale: A scale that arranges objects or alternatives according to their magnitudes (Zikmund, 
2000) 
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2. Mission and Objectives 
This section asked respondents to indicate whether their CEDs had a 
documented vision and mission statement, strategic goals, management values 
and objectives; and to elaborate on them. The questions for each variable had 
a dichotomous section (YeslNo) and also allowed open-ended answers for 
elaboration. 
3. Service Provided by CED 
This section sought to determine which of the typical CED activities, as listed 
in section 2.2.2 of the literature review, were performed by the respective 
CEDs. A simple checklist was provided, allowing respondents to tick as many 
options as relevant. Respondents were then asked to rank (in order of 
importance) each ofthe services provided by their department; and to estimate 
the percentage time spent by personnel on each activity and the percentage of 
the allocated budget spent on that activity (Glouhova, 1999). Respondents 
were also asked to indicate what proportion of equipment 
management/maintenance was provided by other service providers (i.e. 
manufacturer, third-party). 
4. Equipment Management 
In this section respondents were asked to indicate whether their CED had a 
computerised equipment measurement system, and whether the CED had an 
up-to-date database or documentation containing information on servIce 
provided, in-house labour, equipment inventOlY, budget etc. A simple 
checklist was provided, allowing respondents to indicate which data elements 
they documented. This data, as suggested by Autio & Morris (1995), could be 
analysed and used in determining indicators, thus eliminating the need to 
collect new data. 
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5. Performance Factors 
AB indicated in section 2.6 of the literature review, an effective performance 
measurement system addresses all the factors of performance, including 
productivity, quality, resource utilisation and outcome. This section sought to 
determine whether any programmes were in place to evaluate these factors, 
and if they existed, what the programmes consisted of Respondents were also 
asked to indicate whether the CEDs measured performance against customer 
expectations and competition, and conducted employee satisfaction surveys. 
Several waste factors (e.g. absenteeism, unused resources) were listed and 
respondents asked to indicate whether these were experienced by the CED. 
All questions were simple-dichotoml types, requiring respondents to either 
indicate Yes or No. 
6. Finances 
Finances are often a major factor in detennining the sustainability of Clinical 
Engineering Services, in any socio-political environment. Referring to life-
cycle costs of equipment that are often ignored when purchasing medical 
equipment (Issakov, 1994), this section first asked respondents whether there 
was adequate budget allocated for all equipment-related costs, e.g. 
maintenance costs, transport and installation costs, training costs. Regarding 
the selVice provided, respondents were also asked if any formal cost-analysis 
methods existed and whether there was any documentation, e.g. of hourly 
labour rates, total fixed costs, etc. Availability of such data would allow 
computation of hourly labour costs and cost-volume-profit relationships as 
indicators of cost-effectiveness (Bronzino, 1992). The final sub-section on 
cost-effectiveness was adapted from AMv'II (1990), who suggested that certain 
questions had to be asked in order to evaluate a clinical engineering 
programme. Once again respondents were asked to indicate Yes or No to all 
the questions asked. 
8 Simple-dichotomy Question: A fixed-alternative question requiring 1he respondent to choose one of 
two dichotomous alternatives (Zikmund, 2000) 
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7. Sustainability 
Sustainability of Clinical Engineering SelVices is a major issue addressed by 
this study. This section sought to identify the main factors contributing to 
sustainability (or lack thereof). Respondents were asked if they saw their 
CES's sUlViving in the next 5, 10 or 15 years (WHO, 1999) and what 
institutional, organisational or environmental factors would support/threaten 
their existence. Respondents were also asked to elaborate on whether they saw 
their CES as being a 'core' function of their respective health care institution. 
The issue of whether CEDs are recognised and accepted has been addressed 
by previous studies (Frize, Glouhova, Bostrom et al). This question elaborated 
on this by asking whether the CEDs in question were specifically recognised 
and accepted by medical staff, hospital management/administration and other 
technical departments. Finally, a list of factors contributing to sustainability 
(WHO, 1999) of CEDs was provided and respondents asked to check as 
appropriate, and to elaborate on the answers given. 
8. Quality Assurance 
The need for Quality Assurance programmes has become evident in all 
professions. To this end AAMI (1990) provide guidelines for establishing a 
Quality Assurance programme specifically for Clinical Engineering. This 
section sought to establish whether CEDs had formal QA programmes and if 
present, what dimensions and principles it addressed. Checklists were 
provided, allowing respondents to check as many options as relevant. Finally 
the section asked whether the departments were accredited and/or IS09000 





This section focused on the management trends that have been affecting CEDs 
in recent years (e.g. accreditation, downsizing, benchmarking) and 
respondents were asked to indicate which of these trends had affected their 
departments. A checklist and space for elaboration was provided. 
10. Performance, Cost-Effectiveness and Sustainability Measures 
In an effort to identify indicators for Clinical Engineering Departments, 
respondents were asked to suggest measures that could be used to assess 
performance, cost-effectiveness and sustain ability of CEDs. They were further 
asked to indicate which of these measures were in use by their departments. 
11. Comments and Suggestions for the Questionnaire 
Respondents were finally asked to comment or provide suggestions for 
improvement on the questionnaire. 
3.6.4 Testing the Questionnaire 
The final version of the questionnaire comprised eleven sections, each with an 
average of five sub-sections, i.e. there were about fifty questions in total. A short 
covering letter was included, explaining the purpose of the questionnaire and 
requesting completion and return of the questionnaire. 
The questionnaire was administered to participants at the EHTP Experts 
workshop, held at WHO-HQ in Geneva (2000) and to students of the 
Postgraduate Diploma in Health Care Technology Management at UCT. The 
groups comprised HTM experts at Ministry of Health level, clinical engineers, 
medical physicists, biomedical engineering technicians (BMETs) and institutional 
management. 
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According to the sample design for the study, this consisted of all groups except 
for clients of Clinical Engineering Services, and they were thus representative of 
the popUlation that were likely to respond to the final questionnaire(s). 
A total of9 responses were received. A detailed analysis was not perfonned (and 
could not due to limited responses). However, the returned questionnaires were 
checked for the following: 
• Were all questions answered? 
• Were all questions understood by respondents? 
• Were all questions relevant to the respondent? 
• Were all questions relevant to the study objectives? 
• What comments did respondents provide? 
• What type of analyses could be perfonned? 
• Did the questionnaire provide any useful infonnation? 
3.6.5 Determining Applicability of the Questionnaire 
Although very few of responses from the trial run were received, a number of 
valuable conclusions could be drawn. These were as follows: 
1. The questionnaire was too long and time-consuming, requiring at least an hour 
for completion. This was evident by the substantial amount of question non-
response and decreasing quality of answers towards the end of the 
questionnaire. 
2. A significant number of questions were not relevant to all the respondents. 
This was also evident by the number of unanswered questions. Most of the 
questions were directed towards personnel within a Clinical Engineering 
Service, and thus respondents from the other sample categories could not 
identify with them. There was also comment from the National Department of 
Health (SA) that it was important to have a section specifically directed at 
policy- and decision- makers. 
100 
I 
3. Many questions were ambiguous and thus not answered correctly i.e. the 
instrument was not reliable. Particular attention would have to be paid to 
wording of questions, as well as providing necessary instructions for 
answering specific questions. 
4. The questionnaire was generally confusing and misunderstood by 
respondents. It was evident that a number of the respondents could not 
understand the significance of many of the questions, and therefore failed to 
provide well-considered answers. 
5. Some questions expected too much of respondents. An example of this was 
Section 3.2, where respondents were asked to a) rank fourteen items b) 
estimate percentage time spent on each activity by personnel and c) estimate 
the percentage of the allocated budget spent on each activity. According to 
literature on survey design, ranked items should, as a general rule, be less than 
ten in number. This is because respondents are required to keep referring to 
the entire list in order to rank a single item against the other items. As a result 
some items were ranked with the same number - thus not providing useful 
comparisons. With respect to the estimated percentages, most respondents' 
answers did not total 100 percent - in some cases being far more. Once again, 
this data was not useful. 
6. Although a glossary of definitions was provided, some of the terminology was 
not understood by all respondents. An example of this was the term 'Clinical 
Engineering Department'. As indicated in the literature review, units 
providing basic clinical engineering services differ between regions and 
institutions, and are variously known as Health Care Technical Services, 
Medical Physics Departments and Biomedical Engineering Services, to name 
a few. Particular attention would have to be paid to defining the terms used in 
the questionnaire, in order for it to be understood by the wide range of 
respondents targeted. 
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7. Asking respondents to come up with measures/indicators for clinical 
engineering performance and sustainability was an onerous task that would 
require a substantial amount of thought and knowledge about clinical 
engineering management. 
8. The objectives of the questionnaire were not very clear and well-defined. In 
some cases it tried to measure performance of CEDs, based on literature 
about performance measurement, as opposed to collecting information 
necessary for developing measures. 
9. The questionnaire did not provide an option for anonymity, thus intimidating 
respondents to give 'right' answers or to avoid threatening questions. Also, 
most questions asked for a simple Yes orNo, allowing respondents to answer 
according to what they perceived to be the correct answer, thus creating a 
major source of response bias. This reduced the validity of the instrument. 
10. Given the large number of dichotomous-type and simple checklist-type 
questions, the majority of data produced by the questionnaire would either be 
nominae and ordinallO. The only analysis that could be performed on the 
instrument would be descriptive statistics - specifically: frequency in each 
category, percentage in each category and medians. Even if valid statistical 
analyses could be done on the questionnaire, the information provided was not 
entirely useful in developing measures for performance and sustainability of 
Clinical Engineering Departments. 
In conclusion, it was found that much revision would be necessary before valid 
and reliable questionnaires were ready for administering. Careful consideration to 
wording of the questionnaire, instructions and layout would have to be given. 
Steps for this, derived from the available literature, are given in the next section. 
However, general comments from respondents and some expert consultation 
9Nominal data: data values that do not stand for any quantity- numbers orletters assigned to objects 
serve as labels for identification or classification. (Alreck & Settle, 1995). 
10 Ordinal data: data values show relationship in terms of sequence, order or magnitude (Alreck & Settle, 
1995). (See definition at foot ofp66) 
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suggested that all the topics included in the preliminary questionnaire were 
pertinent and needed to be addressed. 
Suggestions for improving the questionnaire, as described in literature on 
survey/questionnaire design, are provided in Appendix F. Phase 2 - the design of 
the final questionnaires - will be described in Chapter 4. 

I 
4.1 BACKGROUND TO THE METHODOLOGY: A LITERATURE REVIEW 
As mentioned in Section 3.3, the literature review did not revealed any studies 
describing the development of performance and/or sustainability indicators for 
Clinical Engineering Services. To this end, studies describing the design of 
performance measures in other fields were investigated. These provided a 
backbone for developing a methodology aimed at designing performance and 
sustainability indicators specific to Clinical Engineering. An oveIView of these 
studies will be described in the following sub-sections. 
4.1.1 Rapid Evaluation Method (REM) (Anker et ai, 1993) 
This method was developed by the WHO in order to assess the performance and 
quality of health seIVices, identify operational problems and assist in taking 
managerial action. REM consists of obseIVation- and sUIVey-based diagnostic 
activities, carried out mainly in healthcare facilities, and aims at bringing prompt 
and relevant information to planners and decision-makers. 
Characteristics of REM 
Sound management of health seIVices requires relevant and timely information on 
the health status of the popUlation and on the performance of healthcare 
institutions and staff The most common alternative for collecting information 
needed for management purposes is to conduct a sUIVey. However, according to 
the authors, sUIVeys - though usually indispensable - require careful preparatory 
work, are generally expensive, usually provide too much data and take a long time 
to process. The Rapid Evaluation Method thus presents a method that accurately, 
quickly and economically assembles information for analysis and decision-
making. 




• REM is planned and executed with the active participation of health 
programme and service managers, staff trainers and supervisors, and staff 
• Information produced by REM examines the quantity, quality and client 
satisfaction of health services, and to a lesser extent, health status. 
• The results of the REM are very rapidly available to the decision-makers -
within days or weeks after the end of the REM field survey. 
• The REM exercise is tailored for and necessarily followed by managerial 
decisions and actions ranging from improvements in training and supervision 
to new service strengthening projects, and overall health development plans. 
The Methodology: The Issue-Information Matrix 
The various steps of REM include: (i) setting objectives and using an issue-
information matrix, (ii) preparation of survey instruments, (iii) use of computer 
software, (iv) data quality control, (v) fieldwork and (vi) the use of data to 
produce useful information for decision-makers. Only the first of these steps viz. 
the setting of objectives and use of an issue-information matrix will be described, 
as it can be applied directly to the present study. 
Acquiring information in REM is based on a framework with three dimensions, 
described as follows: 
1. The first dimension deals with issues reflecting specific health problems 
(or programme problems), rather than overall healthcare concerns. The 
levels of detail at which issues are defined depends on the objectives of 
each REM and on a consensus reached by the core group on the concerns 
of individual programmes. 
2. The second dimension identifies information sources from community, 
health staff and healthcare facilities. These can be specified further into 
different categories of the source. Inspection of health facilities provides 
information on policy implementation and on the technical and managerial 
aspects of the programme, while observation of equipment and supplies is 
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used to determine whether these necessary components of healthcare are 
available and functional. 
3. The third dimension of the matrix describes the methods used to obtain 
the information. An appropriate and practical approach to data collection, 
using relevant sampling techniques where necessary, is determined for 
each data item, e.g. interviews, focus group discussions or observation etc. 
These three dimensions are arranged into a matrix, as shown in Figure 4.1. 
Information Sources 
Issues Information source 1 Information source 2 Info source 3 
Category 1.1 Category 1.2 Category 2.1 Category 2.2 Category 3.1 
Issue 1 DCM1,DCM2 DCM1 DCM2 DCM1 DCM2 
Issue 2 DCM2 DCM1,DCM2 DCM1 DCM1 DCM2,DCM3 
Issue 3 DCM1 DCM2,DCM3 DCM2,DCM3 DCM1 DCM1,DCM2 
Issue 4 DCM2,DCM3 DCM1,DCM2 DCM2 DCM2 DCM2 
Issue 5 DCM1,DCM3 DCM1,DCM3 DCM2 DCM1,DCM3 DCM2 
where DCM = data collection method (e. g. observation, interview, focus group discussion ,etc.) 
Figure 4.1: Issue--Information Matrix 
4.1.2 A Management-By-Variance Tool (Hinks & McNay, 1999) 
The pilot verSIOn of a Management-By-Variance Tool was created for 
performance assessment ofthe facilities management (FM) department ofa major 
financial services company. This was driven by the absence of an acceptable set 
of standardised performance parameters or indicators for the FM function, and the 
need to clarify and prioritise the indicators that correlated the views of the 
customer and department in question. 
Background 
The key functions of a facilities/premises management department include: 
maintenance management, space management and accommodation standards; 
project management for new-build and alterations; premises management; 
administration of associated support services and in some cases, catering. The 
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department in question provided an in-house seIVlce for core facilities 
management seIVices, while external contractors provided additional seIVices not 
provided by the in-house team l . 
The principle ofmanagement-by-variance is based on the monitoring and analysis 
of perfonnance trends, which is done by monitoring changes in perfonnance 
using a bespoke2 (rather than generalised) set of perfonnance indicators. Key 
requirements for the study were: 
• to overcome the known difficulties with FM perfonnance measurement 
caused by the lack of generalised sets of data or industry-wide sets of Key 
Perfonnance Indicators (KPls). 
• to produce a realistic measure of FM perfonnance that correlated with 
customer expectations. 
• to produce a measure that was applicable for the purposes of strategically 
managing the FM function. 
The pnmaty goal of the study was therefore to clarify and prioritise the 
parameters and indicators that correlated the views of both the customer and the 
facilities management department. 
The Methodology 
The methodology consisted of assembling and consulting an expert group 
comprising members of the facilities management department, as well as their 
internal customers, in equal numbers. The experts were consulted within a 
methodological procedure known as the Delphi technique (see section 3.3). This 
procedure is outlined as follows: 
I A direct parallel can be drawn between this scenario and CE services offered within a healthcare 
institution, as described in the literature review. 
2 Bespoke: (past of BESPEAK) 1 made to order. 2 making goods to order. 3 suggested 
BESPEAK: 1 engage in advance. 2 order (goods). 3 suggest; be evidence of (Oxford Dictionary, 1992). 
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1. Definition of the research problem 
Literature review and interviews with local experts (Delphi group) to clarify 
nature and priority of parameters that should be used for perfonnance 
assessment. 
2. Selection of Key Performance Indicators (KPIs) 
• Long list of potential indicators assembled from literature review and 
categorised according to predetennined parameters. 
• Delphi group asked to indicate whether each of the proposed KPls was 
essential, desirable or of tertiary/limited importance. 
• Group members add to list if necessary. 
• All indicators identified as desirable or of tertiary importance discarded. 
• Shortlist of KPIs created by assembling essential indicators into ordered 
list based of frequency of votes. 
3. Prioritisation ofKPIs 
• Group members allocate grade between 0 to 10 to each short-listed KPI 
i.e. (0 = minimal relevance ... .4 - 7 = important .... 10 = supremely 
important). 
• KPls prioritised in order of average grade allocated by Delphi group. 
4. Rating; of FM performance 
• Delphi group rates current level ofFM service against each KPI identified 
on a semantic scale (i.e. unsatisfactory, satisfactory, good, excellent, 
world class). 
• Results illustrated graphically according to different constituent groups 
and differences in perception between the groups noted. 
The concept behind the management-by-variance tool is to provide an "at a 
glance" picture ofperfonnance in key areas chosen by an organisation, as well as 
highlighting differences in perceptions of perfonnance between different 
stakeholders. Although the methodology outlined above describes a pilot study, 
the authors suggest that it can fonn a framework which, if applied correctly, could 
be used to monitor levels current of perfonnance, assess operational and strategic 
priorities, assess trends in perfonnance and may be extended to the definition or 
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refinement of strategic objectives, policies and plans, specific to facilities 
management. 
4.1.3 The Performance Measure Record Sheet (Neely et ai, 1997) 
The design of performance measurement systems is a topic of increasing concern 
to both academics and practitioners in many fields, for a variety of reasons, 
including: to know where they are, to know how rapidly they are improving, to 
enable comparison with other businesses, and even to influence individual 
behaviour. However, according to the authors, the fundamental question: 'What 
does a well-designed performance measure constitute?' fails to be addressed. The 
design of a performance measure involves more than simply specifYing a robust 
formula. The framework presented by the authors, i.e. the Performance Measure 
Record Sheet, addresses this issue. 
Framework: The Performance Measure Record Sheet 
The performance measure record sheet can be used to design and audit 
performance measures. The framework was based on the recommendations drawn 
from literature and then tested through a series of action research studies. This is 
described in detail in Chapter 2.9.4, stating the criteria for appropriate 
performance measures. 
In theory, the performance measure record sheet should help industries design 
better performance measures by ensuring that they consider all of the subtle 
implications of the measures being proposed. Testing of this framework has 
suggested that it valuable because it not only facilitates the design ofperformance 
measures, but also encourages the designers to consider the behavioural 
implications of the measures in particular settings. It also provides a framework 
that can be used to explore what constitutes a well-designed performance 
measure. 
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4.2 THE FRAMEWORK FOR THE STUDY 
Using the three studies outlined in the previous section as a guideline, as well as 
the literature review and various texts consulted on questionnaire design, a 
framework for Phase 2 of the study was developed. An overview of the 
framework is illustrated in Figure 4.2, and each section is expanded and described 
in detail in the foilowing sections. The definition of the research problem and the 
objectives of the study and the questionnaire(s) have been described in Chapter 1 
(sections 1.1 and 1.2) and Chapter 3 (sections 3.2 and 3.5). 
4.3 THE ISSUE-INFORMATION MATRIX 
One of the major conclusions drawn from the preliminary questionnaire was that 
many of the topics addressed and questions asked were not relevant to the 
different respondent categories chosen for the study. Another problem with the 
questionnaire was that although the topics presented were important, the use of 
checklists and simple YeslNo answer categories prevented respondents from 
providing any useful information - particularly their experiences or opinions on 
the issue. 
The objectives of both the study, in general, and the questionnaires specifically, 
suggest the need for a more qualitative component to the instrument - as is the 
case with most exploratory research - in order to 'get a better feel for the research 
problem', i.e. diagnose the situation and discover new ideas. A careful balance of 
both open-ended (unstructured) and closed (structured) questions would have to 
used in the questionnaire(s). 
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Construction of the issue-
infonnation matrix. 
:" ................. ~ ;JJ 
Development of Part 2: 
CBS Indicators (rating) 




; .............. _ ........ \ 
L.".,,:.~.~"" . ...! 
Figure 4.2: Overview of Phase Two of the Methodology 
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Edit and revise 
questionnaires 
I 
A systematic method would therefore have to be used, prior to constructing the 
questionnaire(s), to determine (a) which respondent groups are asked which 
questions and (b) how the individual questions or sections are structured. The 
issue-information matrix (as described in Section 4.1.1) - adapted for use in 
determining indicators for CES's - was therefore considered. The major reason 
for choosing this method was that the matrix allows for the three dimensions, 
namely: (i) issues to be addressed, (ii) information sources and (iii) methods of 
data collection, to be presented neatly and clearly in a single table. 
The issue-information matrix developed for the study is presented in Table 4.1. 
Components of the three dimensions were identified as follows: 
1. Dimension One: Issues 
The various issues to be addressed in the study were identified in the 
development of the preliminary questionnaire and described in Section 3.5. 
These were further refined following the findings and recommendations from 
the preliminary questionnaire. 
2. Dimension Two: Information Sources 
The information sources are identified as the four respondent categories 
described in Section 3.4, namely: (i) institutional management, (ii) CES 
management and personnel, (iii) CES clients and (iv) representatives of 
national/provincial Ministries of Health and international HTM experts. 
Careful consideration was taken about the relevance of each issue to the 
different groups, i.e. would they be able to provide information on the issue? 
3. Dimension Three: Data Collection Method 
Section 3.3 describes the rationale behind usmg self-administered 
questionnaires as the data collection method for the study. The issue-
information matrix presented is adapted to indicate the structure of questions 
asked in each section of the questionnaire. 
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(type of institution, no. beds, no. 
devices, sector type, reports to?) 
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• Continuous quality improvement 
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CL. QUEST = Closed/structured questions 









SERVQUAL = Service Quality Iustrument (Zeithaml, Pararur8lll8ll, Berry 1990) 








4.4 THE DEVELOPMENT OF THE QUESTIONNAIRES 
4.4.1 A Single Questionnaire or Four Separate Questionnaires? 
The issue-infonnation matrix gave an indication of which ofthe issues, identified 
as important to the study, were relevant to each of the different respondent groups. 
A major decision had to be made at this point i.e. (i) whether to incorporate all the 
topics into a single questionnaire, with appropriate branching3 to direct the 
different respondent groups to sections relevant to them; or (ii) whether to 
develop four separate questionnaires, specific to each target group. 
, ........................ \ . . 
l Single l 
~ ........................ : 
Figure 4.3: Decision - Single Questionnaire or Four Separate Questionnaires? 
Initially, the first option was considered, with the same questionnaire being 
developed for all target groups, but incorporating different qualitative sections for 
the individual groups. While this seemed desirable because the same 
questionnaire would be sent to all respondents, the second option was eventually 
considered to the better ofthe two for the following reasons: 
1. One of the findings from the preliminary questionnaire was that it was too 
long and time consuming. The various texts consulted on questionnaire 
design suggest that a questionnaire should be no more than six to twelve 
3 Branching: Directing the flow of questions according to specific criteria. Questions are typically 
directed using "IfnotJ ifso 'Go To' or 'Skip' "ins1roctions. (Alreck & Settle, 1995) 
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pages. Given that the initial questionnaire was ten pages long, 
incorporating different qualitative sections for each of the respondent 
groups would significantly increase the questionnaire length, thus 
introducing respondent burden and intimidating prospective respondents. 
2. The issue-information matrix suggests that a significant amount of 
branching would be required in a single questionnaire, with complex 
instructions to direct the flow of questions for the different groups. 
According to Alreck & Settle (1995), the use of branching should be 
strictly limited, as each branch adds to the complexity of the response task. 
Too many branches may introduce bias and error, thus reducing the 
validity and reliability of the results. The authors further add that if more 
than a few branches are required within the questionnaire, it is advisable to 
pre-qualify respondents and use alternative forms of the questionnaire for 
the different respondent groups. 
It was therefore decided to develop four separate questionnaires, using the issue-
information matrix as a guideline for the different sections in each. 
4.4.2 Structure of the Questionnaires 
As indicated in Figure 4.2, which illustrates an overview of the methodology, the 
questionnaires were split into two parts: 
• Part 1 of each questionnaire comprised mostly open-ended (unstructured) 
questions, aimed at gauging opinions about Clinical Engineering Services 
(either specific or general) from the individual groups. The topics that 
were addressed for each group are specified in the issue-information 
matrix. The specific questions asked were developed from the preliminary 
questionnaire and the literature review. Part 1 formed the qualitative 
section ofthe study. 
• Part 2 was structured, requiring respondents to rate a list of proposed 
indicators, as well as adding any additional indicators that they felt would 
be suitable. The list of indicators proposed was derived from the available 
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literature and current best practice. This part was identical for all 
respondent groups (i.e. in all four questionnaires) and formed the 
quantitative section of the study. 
Preliminary Section 
• Cover Letter 
• Glossary of Terms 
• Selected Bibliography 
r··_··_··_··_··_··_··_··_··_··_··_··_··_t._ .. _ .. _ .. _ .. -.. _ .. _ .. -.. _ .. _ .. _ .. _ .. -
Part 1 Part 2 
Qualitative Section - Quantitative Section-.. 
specific to each respondent ~ rating of indicators for all 
group (1 - 4) respondent groups 
L .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .• _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ .. _ •• _ •. _ 
Figure 4.4: Structure of the Questionnaires 
A preliminary section, comprising of the Cover Letter, Glossary of Terms and 
Selected Bibliography preceded each questionnaire. Each of these stages is 
described in the following sections ofthis chapter. 
4.4.3 Pre-testing and Revising the Questionnaires 
Figure 4.2 illustrates that the development of the questionnaires was cyclic, 
requiring repeated pre-tests and revisions until minimal problems and sources of 
error were detected. Numerous revisions were carried out during the development 
of the questionnaires. Formal pre-testing methods such as focus group 
discussions, 'think aloud' sessions4 and expert panels5 were not used for logistical 
reasons. However, during the preliminary and intermediate stages of the 
questionnaire development, several people were consulted for their opinions and 
input. These consisted of research methodology experts in other fields, for their 
4 Think-Aloud session: recruiting a group of respondents and asking them. to think aloud as they answer 
each question. The technique is borrowed from cognitive psychology (Czaja & Blair, 1996) 
5 Expert Panel: A small group ofspeciaIists (both survey experts and subject-matter experts) brought 
together to critique a questionnaire (Czaja & Blair, 1996) 
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input on the technical aspects of the questionnaires; and clinical engineeringl 
HTM experts for their input on the content ofthe questionnaires. 
In excess often revisions on each questionnaire were conducted prior to piloting 
them on prospective respondents. Issues addressed at each stage ofthe pre-testing 
are described in Appendix F, which provides suggestions for improving the 
questionnaire. Each questionnaire was therefore checked for instrumentation bias, 
including the following: 
• Relevance of individual questions, i.e. whether they were directly related 
to the objectives ofthe study. 
• Content of individual questions i.e. what infonnation would it provide. 
• Structure of individual questions (i.e. open-ended or closed). 
• Wording of questions (e.g. ambiguity, use of double-barrel questions). 
• Instructions provided - and subsequent wording of the instructions. 
• Ease of comprehension. 
• Order of sections and question sequence within the sections. 
• Layout. 
Following the feedback from each pre-test, each questionnaire was accordingly 
revised, and questions that could not be effectively revised were discarded. 
4.4.4 'Piloting' the Questionnaires 
In order to detennine how respondents would receive and complete the 
questionnaires, each of the 'intennediate versions' of the different questionnaires 
were tested on potential respondents at Groote Schuur Hospital. These were (i) a 
member of institutional management (for QUESTl), (ii) management and 
personnel ofthe Clinical Engineering Department (for QUEST2) and (ii) a client 
of the Clinical Engineering Department (for QUEST3). The fourth questionnaire 
was not tested at this stage. 
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As with the preliminary questionnaire, each of the returned questionnaires was 
checked for response bias (described in Appendix F.5 and F.6) and for each 
question: 
• Did the answers provided confirm that the question was directly related to 
the objectives of the study? 
• Was the respondent able to understand it as it was intended? 
• Was the respondent able to answer it? 
• Was the question relevant to the respondent, i.e. were they able to provide 
valid information to the question? 
• Was the respondent willing to answer it, i.e. did the question put the 
respondent into a compromising position? 
• Could the responses given be analysed to provide useful information? 
Although the number of questionnaires distributed at this stage would not 
constitute a valid 'pilot test' valuable information, which had been overlooked 
during the pre-testing, could be drawn from the responses in the trial run: 
• Part 1 ofthe Questionnaires 
1. All the questionnaires were too long, with some questions requiring a 
significant amount of thought and recall, therefore creating unnecessary 
respondent burden. 
2. There were too few instructions, and those that were included were not 
clear enough. 
3. There was a need to inform the respondents of the purpose and necessity 
of each section. 
4. A number of questions were 'threatening' and therefore simply left 
unanswered. 
5. There were a number of ambiguous, double-barrelled and loaded 
questions, i.e. more attention had to be paid to the wording of the 
questions. 
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6. Some questions, which had appeared to be well-constructed, were not 
fully understood by the respondents therefore requiring further revision 
and clarification. 
7. A fair number of questions, which were included for the sake of 
comparing different CES's, were open to a significant amount of response 
bias - and therefore the validity of the responses was questionable. 
8. The questionnaires tried to address a number of issues that were not 
central to the study objectives (including trying to measure performance); 
and trying to determine the gaps between client expectations and 
perceptions (SERVQUAL). These could be investigated as separate 
studies on specific CES's at a later stage. 
9. As with the preliminary questionnaire, the responses provided indicated 
that some questions would either be difficult to analyse, or would not 
provide relevant information. 
• Part 2 of the Questionnaires 
The initial list of proposed indicators consisted of 110 items, and respondents 
were required to rate the importance of each, plus add any further indicators 
they deemed necessary. Although all the respondents rated each and every 
indicator, the list was far too long and intimidating. This was evident by the 
fact that indicators towards the end of the section were all rated in the upper 
extreme scale, suggesting that they were not being critically considered and 
therefore reducing the validity of the responses. 
With the above information, the questionnaires were further revised and edited to 
remove all extraneous questions. The following sections describe the final 
questionnaires in detail. 
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4.5 DEVELOPMENT OF PART 1 OF QUESTIONNAIRES 1 - 4 
As shown in Figure 4.2, the four questionnaires were differentiated according to 
the specified target groups, namely: 
1. QUEST1: Institutional Management (including Nursing Management) 
2. QUEST2: Clinical Engineering Service Managers and Personnel 
3. QUEST3: Clinical Engineering Service Clients 
4. QUEST4: Ministries of Health I International HTM Experts 
A similar approach to that used in developing the preliminary questionnaire was 
taken in the development of Part 1 of the four questionnaires. Figure 4.5 shows 
the process taken for each questionnaire. 
Development Part 1: .... .. 
Quest!, Quest2, Quest3, Quest4 
r---------------------------------
Specify themes (identified from 
issue-infonnation matrix) 
Organise into relevant sections for 
the questionnaire 
Construct and test individual 
questions in each section 
Figure 4.5: Development of Part 1 of the Questionnaires 
4.5.1 Themes and Organisation of the Questionnaires 
The themes addressed in each questionnaire were identified from the issue-
information matrix and organised into comprehensive sections. As with the 
preliminary questionnaire, a funnel approach was used in arranging the (i) the 
sections throughout the questionnaires and (ii) the questions within the sections. 
Once again the demographic section was placed at the beginning of the 
questionnaire as it asked simple, closed-ended and general questions about the 
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institution supporting the CES in question. Questions pertaining to performance 
and sustainability of the CES were placed at the end of Part 1, as they were more 
specific to the research question. It was assumed that respondents were more 
likely be able to answer these questions, since a rapport had been established 
around the issue of Clinical Engineering SelVices through the general questions 
asked. 
4.5.2 Language and Layout of the Questionnaires 
Formal language was used and a Glossary of Terms was provided for all words or 
terms that were open to misinterpretation or misunderstanding. This was deemed 
necessary because, as indicated in the literature review, different regions use 
different terminology to describe functions or selVices provided by Clinical 
Engineering SelVices. 
Particular attention was paid to the ergonomic design, i.e. the formatting and 
layout of the questionnaires in an effort to make them neat, attractive and easy to 
follow. This was particularly important, given the length ofthe questionnaires and 
the complexity of some of the questions. According to Alreck & Settle (1995) the 
format and layout of a questionnaire affect the response rate and bias, i.e. the 
likelihood that a respondent will complete the questionnaire with minimal error. 
Each section was organised into a table to ensure that the progression from 
section to section was clear, and also for neat and consistent alignment of text and 
answer fields. General instructions for each section were printed in boldface and 
bulleted at the beginning of the section and instructions for individual questions 
were printed in a smaller typeface to differentiate them from the actual question. 
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4.6 QUESTl: INSTITUTIONAL MANAGEMENT 
The following section describes QUESTI (see Appendix Cl) which was targeted 
at institutional or health facility management. This included nursing management, 
as they were more likely to have contact with the Clinical Engineering Service at 
the institution. The input of this target group was considered to be crucial to the 
study because as the major decision-makers at a healthcare institution, they have a 
great impact on the sustainability of in-house Clinical Engineering Services. 
4.6.1 Specifying Themes for the Questionnaire 
As indicated previously, the themes for each questionnaire were identified in the 
issue-information matrix. The specific themes for QUEST 1 were: 
• Demographic (background) information 
• Mission, strategy and objectives of the CES 
• Services provided by CES and rating of importance 
• Services outsourced to alternative service providers (i.e. equipment 
suppliers or third-party service providers) 
• Business benefit issues, i.e. advantages and disadvantages of the in-house 
CES 
• Institutional management expectations and perceptions 
• Quality of service provided by CES 
• Performance ofCES 
• Sustainability of CES 
Some themes (e.g. cost-effectiveness of CES's) were not included in the 
questionnaire, i.e. were discarded after the 'pilot' test, for various reasons 
including: (i) they were found not to be directly relevant to the study, (ii) they did 
not provide useful information, (iii) they would be difficult to analyse. These 
themes were incorporated into the list of proposed indicators. 
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4.6.2 Organisation of the Questionnaire 
The questionnaire was subsequently divided into sections, namely: 
1. Demographic data 
2. Mission and strategy ofCES 
3. SeIVice provided by CES 
4. Assessment ofseIVice provided by CES 
5. CES performance and sustainability 
4.6.3 Constructing Questions for Quest1 
1. Demographic Data 
As with the preliminary questionnaire, this section focused on general 
information about the respondent's institution and the Clinical Engineering 
SeIVice supporting it. The questions were adapted from sUIVeys conducted by 
Frize (1990) and Glouhova (1999). 
Sub-section 1.1 
This sub-section asked respondents for their names and contact details, for the 
sake of record-keeping and in the event that they would require a copy of the 
results of the research. There was the option to remain anonymous and the 
contact details were optional. However, for the purposes of analysing 
respondent-type and region -specific differences (or similarities) data, as 
indicated in the objectives of the study, all respondents were required to 
indicate their position/job description and their country. 
Sub-section 1.2 
In this sub-section respondents were required to indicate their health facility 
type, number of beds supported by the health facility and whether the health 
facility was a public or private sector institution. All questions were 
structured, requiring the respondents to select one option from alternatives 
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provided. The residual 'Other' option was provided in the event that all 
options had not been covered by the question. 
These questions provide ordinal data. 
Sub-section 1.3 
In an effort to detennine some general information about the Clinical 
Engineering Service in question, respondents were asked to indicate whether 
the institution was supported by an in-house or external CES, whether it exists 
as a separate unit or part of another department and to stipulate the reporting 
authority. The questions were partly structured, offering alternatives to choose 
from, but also required respondents to provide information. These questions 
would provide nominal data. 
Once again this question sought to determine and compare differences in CES 
organisational structure and terminology, from region-to-region, institution-to-
institution and between the public and private sectors, respectively. This 
would facilitate investigating some of the observations made in the literature 
reVIew. 
2. Mission and Strategy of Clinical Engineering Service 
As indicated in the literature review, the starting point towards achieving 
superior performance in any organisation is the establishment of a statement 
of purpose or mission statement (Christopher & Thor, 1993; Bronzino, 
1992). Various authors subsequently stipulate that an effective measurement 
system must be integrated with institutional or departmental mission and 
strategy (Brinkerhoff & Dressler, 1990; Chang & Morgan, 2000, Neely et aI, 
1997). Section 2 therefore sought to establish general trends in mission 
statements and basic strategies of clinical engineering services. These would 
be used to determine the relevance of the key indicators identified from Part 2 
of the questionnaires. 
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In this predominantly qualitative (unstructured) section, institutional 
management was asked to indicate whether they were aware of the mission 
statement and strategy, respectively, of the CES supporting their institution. 
Respondents were then asked to state what, in their opinion, would be an 
appropriate mission statement, and appropriate elements/objectives in the 
strategy or business plan. The last question asked whether the strategy (if it 
existed) of the CES supported the overall strategic plan of the institution - a 
factor vital to the sustainability of the Clinical Engineering Services 
(Bronzino, 1992). 
3. Service Provided by Clinical Engineering Service 
The second objective of the study, as stated in the research proposal, was to 
compare the functions and selVices of provided by Clinical Engineering 
Services selected for the study. Findings from the literature review showed 
that an effective measurement system must be aligned to the major functions 
and business processes of the unit, department or organisation. This section 
therefore focused on the services provided by the CES and the importance of 
the services to the healthcare institution. 
Testing of the preliminary questionnaire had shown that the initial approach 
described in Chapter 3.6.3 was an incredibly difficult task, which exerted 
significant respondent burden. After a number of revisions, it was decided to 
use only closed-ended questions. 
Sub-section 3.1 
a. This question sought to determine which of the typical CES activities, 
identified from the literature review and current practice, were performed 
by the CES in question. A multiple-response checklist with twenty-one 
items was provided, allowing the respondents to check as many options as 
relevant. Respondents were also given the opportunity to add any other 
selVices not covered by the checklist. This question would yield discrete, 
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nominal data, allowing trends or profiles to be determined by the use of 
descriptive statistics (frequency or percentage in each category). 
b. The preliminary questionnaire had asked respondents to rank services 
according to their perceived importance. Not only was this a difficult task 
for the respondents, but it was also difficult to analyse. Also, respondents 
could only rank the services that were provided by their institution. This 
question sought to determine trends in the perceived importance of all 
services offered by clinical engineering services in general. A rating 
scale6 and specifically the linear numeric scale7 was therefore considered 
to be a suitable option. According to Alreck & Settle (1995), the linear 
numeric scale is most appropriate when items are to be judged on a single 
dimension and arrayed on a scale with equal intervals. This scale provides 
both absolute measures of importance as well as relative measures, or 
rankings, if responses among the various items are compared, i.e. it can 
produce both ordinal and interval8 data and is versatile in terms of the 
analyses that can be performed. In this question respondents were asked 
to rate all of the possible CES services, according to their perceived 
importance to the institution, by selecting a number from the scale. 
The Scale 
Initially a simple five-point scale of importance was used, as shown in 
Table 4.2. 
Table 4.2: Initial Rating Scale for Section 3.1 
6 Ra tin g: a measurement task that requires the respondent to estimate the magnitude of a characteristic or 
quality that an object possesses (Zikmund, 2000) 
7 Numerical scale: a rating scale on which the categories or points are numerals, at equal intervals to each 
other. Three-, five-, or seven-point bipolar rating options are provided on the scale. 
B Interval scale: A scale that not only arranges objects according to their magnitudes but also distinguishes 
this ordered arrangement in units of equal intervals (Zikmund, 2000) 
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However, pre-testing showed that typical respondents were not able to 
clearly differentiate between, 'Important' and 'Extremely Important' and 
likewise for the lower end of the scale. This would lead to significant 
response bias (as indicated in Appendix F), as respondents would be likely 
to opt for the extremes due to confusion, thus not producing valid and 
reliable data (Alreck & Settle). 
As the scale incorporated both the numbers (weighting) and adjectives 
assigned to each rating, it was decided to change the wording of the 
adjectives to suit the target population. As indicated in Table 4.3, the term 
'Extremely Important' was replaced with 'Essential' - a term very often 
used in the healthcare environment, signifying an indispensable or 
absolutely necessary item, process or phenomenon. In this question an 
'essential activity' referred to a service that was critical to the performance 
and survival of the CES or the health facility. Similarly, the term 
'Extremely Unimportant' replaced with 'Irrelevant', i.e. a service that bore 
absolutely no relevance to CES and the institution it supported. 
Table 4.3: Final Rating Scale for Section 3.1 
It should be noted that the final rating scale could be seen as attempting to 
measure more than one attribute, i.e. importance and relevance, and 
therefore the validity and reliability of the data produced could be 
questioned. While psychometric validation of the scale is beyond the 
scope ofthis study, careful analysis of the data returned for this question 




The literature review indicated that the sustainability of in-house Clinical 
Engineering Services is ultimately dependent on the cost-effectiveness (or 
cost-benefit) of that CES compared to external service suppliers. Outsourcing 
is a trend that has been affecting numerous CES' globally, for various reasons. 
This sub-section aimed at determining outsourcing trends with respect to 
common clinical engineering activities. 
Respondents were asked to indicate whether the activities listed were 
outsourced to equipment suppliers or third party service providers (e.g. 
commercial firm or shared service). The intermediate version of the 
questionnaire had reproduced the twenty-one-item list generated in Section 
3.2. However the trial run (pilot test) revealed that this was an onerous task for 
respondents - especially since in most cases they would only be aware of the 
status of the basic clinical engineering services, viz. training equipment users, 
acceptance training, inspection and preventive maintenance (IPM) and 
corrective maintenance. The list was therefore pruned to include only these 
tasks, with space for respondents to include any other services they deemed 
important. 
Sub-section 3.3 
In an effort to gauge institutional management's perceptions ofthe importance 
of in-house Clinical Engineering Services in general, respondents were asked 
to indicate the advantages and disadvantages of an in-house clinical service as 
opposed to outsourcing equipment management and maintenance-related 
servIces. 
The question was left open-ended, allowing respondents to give their opinions 
without leading them in any direction, allowing for general trends to be 
determined. 
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4. Assessment of Service Provided by Clinical Engineering Service 
Section 4 of the questionnaire was entirely qualitative, focusing on the 
institutional management's assessment of the service provided by the CES. 
As indicated previously, Bronzino (1992) states that CES mission and strategy 
must be conform to those of the entire institution. The literature review 
revealed that customer or client needs and expectations are integral to 
performance measurement. According to Chang and Morgan (2000), without 
the customer, there is no business. In particular, gauging the expectations and 
perceptions of institutional management would assist Clinical Engineering 
SelVices in obtaining a sustainable competitive advantage. 
Sub-section 4.1: Institutional Expectations of the CES 
In an effort to determine trends in institutional management expectations, 
respondents were first asked to list, in order ofpreference, what they expected 
from a CES. The second question requested respondents to list what, in their 
opinions, were major factors contributing to their expectations not being met. 
A subsequent question asked for opinions on the impact the CES has on (a) 
. clinical procedures specifically and (b) healthcare selVice delivery generally, 
in their institution. 
Sub-section 4.2: Quality of Service Provided 
It is important for CES's to pay attention to selVice quality, as perceived by 
their clients or reporting authority. 
The section first asked institutional management to state what they understood 
by the term 'Quality of SelVice' with respect to a CES, and to indicate 
whether the quality of other selVices within their institution was assessed. 
The data received from these questions would assist in determining whether 
the key indicators derived from the study are aligned with general trends in 
perceptions ofCES selVice quality. 
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All questions in this section were open-ended and most were adapted from a 
study conducted by De Villiers (1998) in his investigation into perceptions of 
consulting engineering service quality. 
5. CES Performance and Sustainability 
The final section of QUEST1 focused specifically on institutional 
management's opinions on the performance and sustainability of the CES 
supporting their institution - a major objective of the study. Once again this 
section was predominantly qualitative, posing open-ended questions to 
determine general and opinions. 
Sub-section 5.1: Performance 
In order to gauge general trends III performance measurement at an 
institutional level of a healthcare facility, the first question asked respondents 
to indicate how performance was assessed at their institution, if at all. 
Respondents were subsequently requested to suggest five important indicators 
of performance. This question was placed before Part 2 (which asked 
respondents to rate a list of proposed indicators) in order to obtain unbiased 
opinions on performance indicators. If not already addressed, the suggested 
indicators could be incorporated into the key indicator list if stated frequently 
enough. Also, Autio & Morris (1995) state the importance of using existing 
data or measures, thereby eliminating the extra costs and efforts of 
implementing an entirely new measurement system. 
Sub-section 5.2: Sustainability 
Sustainability of Clinical Engineering Services is a major issue addressed by 
this study. As in the preliminary questionnaire, this section sought to identify 
the main factors contributing to sustainability (or lack thereof). Respondents 
were asked to elaborate on whether they saw their CES as being a 'core' 
function of their respective health care institution - a major factor contributing 
to the closure of many CES's internationally. Respondents were subsequently 
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asked if they saw their CES sUlviving in the next 5, 10 or 15 years (WHO, 
1999) and what institutional, organisational or (socio-political) environmental 
factors would support or threaten its existence. 
This concluded Part 1 ofQUEST2 and respondents were requested to proceed 
to Part 2 of the questionnaire. 
4.7 QUEST2: CES MANAGEMENT & PERSONNEL 
QUEST2, found in Appendix C2, was targeted at the management and personnel 
of Clinical Engineering Services. This was obviously the primary target group, as 
they would be able to provide the most information - and would also have the 
most to benefit from the study. The following section describes this questionnaire 
in detail. 
4.7.1 Specifying Themes for the Questionnaire 
Themes for the questionnaire were identified in the issue-information matrix. 
These were, specifically: 
• Demographic (background) information 
• Mission, strategy and objectives ofCES 
• Services provided by the CES and rating of importance 
• Services outsourced to alternative service providers (i.e. equipment 
suppliers or third-party service providers) 
• Business benefit issues (advantages and disadvantages of the in-house 
CES) 
• Customer/client expectations 
• Quality Assurance 
• Performance of CES 
• Sustainability of CES 
• Business management trends affecting CES' 
131 
• Specific factors impacting on CES perfonnance and sustainability. 
Asset management and cost-effectiveness issues were later incorporated into the 
indicator-rating list. 
4.7.2 Organisation of the Questionnaire 
The final questionnaire was organised into the following sections: 
1. Demographic data 
2. Mission and strategy ofCES 
3. Service provided by the CES 
4. Perfonnance of CES 
5. Sustainability ofCES 
6. Trends affecting CES 
7. CES perfonnance and sustainability factors 
4.7.3 Constructing Questions for QUEST2 
1. Demographic Data 
Section 1 of QUEST2 was essentially the same as the one described for 
QUEST1 and will not be repeated. Specific differences were found in Sub-
section 1.3, which asked (a) for the number of devices supported by the CES-
a single-response multiple-choice question (Frize, 1990); (b) for the scope of 
service covered by the CES in tenns of range of equipment supported and (c) 
for the scope of service in tenns of service provided to other institutions. The 
latter two questions were left open-ended and all questions were asked to 
supplement previous questions for the purposes of comparison. 
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2. Mission and Strategy of Clinical Engineering Service 
Section 2 was almost identical to that in QUEST 1, asking respondents to 
indicate whether the CES had a documented mission statement and strategy; 
and to state their opinions on an appropriate mission statement and objectives 
in a strategic plan. 
3. Service Provided by Clinical Engineering Service 
Sub-section 3.1 and 3.2 in this questionnaire were exactly the same as those 
described previously for QUEST 1. 
Sub-section 3.3 
This sub-section asked some general questions about the service provided by 
the CES in question. In order to determine trends in regulation of CES 
activities, respondents were asked to indicate whether there were any formal 
procedures and guidelines for each activity. A simple YeslNo/l don't know 
was required, yielding nominal data. Further open-ended questions asked (i) 
who the clients oftheir service were and (ii) ifrespondents were aware ofthe 
client's expectations. Finally, respondents were asked to indicate if there 
would be any advantages in outsourcing any of the CES services. These 
qualitative questions were asked in order to assess differences (or similarities) 
between opinions of CES personnel, their clients and institutional 
management. 
4. Performance of Clinical Engineering Service 
Section 4 focused on CES personnel's assessment ofthe performance of their 
CES and was entirely qualitative. 
Observations from the literature review indicated that r Clinical Engineering 
Services are often not seen to be a 'core' function of healthcare institutions 
and therefore are often the first in line to be served with budget reductions, 
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downsizing and rationalisation. In an effort to collate opinions in justifying the 
existence of CES', respondents were asked to indicate what impact they felt 
their CES had on the performance ofthe healthcare delivery institution/system 
they supported. A subsequent question asked to what extent they believed 
their service was supported (or hindered) by external service providers. 
Answers to this question could be compared to institutional management's 
VIews on outsourcing equipment maintenance and management-related 
servIces. 
Finally, as in QUEST1, respondents were asked how CES performance was 
assessed at that time, and what, if any indicators were used to assess 
performance. Once again, these indicators could be compared to or 
incorporated into the indicators identified from Part 2. 
5. Sustainability of Clinical Engineering Service 
This section focused on the respondent's opinions on the sustainability oftheir 
CES. Sub-sections 5.1 and 5.2 were identical to those in the institutional 
management questionnaire. An additional sub-section was however included. 
Sub-section 5.3 
The WHO (1999) states that sustainability of health systems is affected by 
inappropriate physical infrastructure and technology. They subsequently 
propose that certain key factors - and their associated indicators - ensure the 
sustainability of health systems. This sub-section sought to determine which 
of these factors impact on the sustain ability of Clinical Engineering Services 
specifically. A multiple response checklist was provided - with the option of 
adding extra factors - which would yield nominal data on analysis. In order to 
assess the extent to which the factors chosen impact on sustainability, a 5-
point rating scale was also provided, as shown in Table 4.4. 
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Table 4.4: Rating of Significance of Impact of Factors on CES Sustainability 
As with the rating scale for section 3.1, the use of 'Irrelevant' on the lower 
extreme is open to criticism. Also, the mid-point scale 'Neutral' could give 
respondents an 'easy way out', introducing bias into the data received. This 
would be investigated when analysing the questionnaire. 
Finally, respondents were asked to suggest five important indicators of 
sustainability to be compared with those derived from Part 2. 
6. Trends Affecting Clinical Engineering Services 
The literature reVIew identified business/management trends that have 
affected CES's in recent years. This section aimed at qualifying these 
observations with evidence from a large spectrum ofCES personnel. 
The first question provided respondents with a multiple-response checklist to 
indicate which of the trends had been experienced by their CES, with the 
option of adding further trends. Respondents were then asked to expand on 
their experience of the trends, if at all. Simple frequency tables/graphs, 
compared from region-to-region, sector-to-sector and institution types could 
be derived, indicating general patterns. 
7. CES Performance/Sustainability Factors 
The final section in Part 1 of QUEST 1 focused on specific factors that could 
have some impact on the performance and sustainabi1ity of the CES. 
The list of factors was derived from the initial long list of proposed indicators 
shown in Appendix B, and were later discarded from the indicator list for 
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reasons described in Part 2. Although not considered to be valid indicators, it 
was believed that these factors had a significant role to play in CES 
perfonnance and sustainability. 
This section was completely structured. Respondents were firstly asked to 
indicate whether the factor was applicable at the institution, and subsequently 
whether the factor had a significant impact on the perfonnance/sustainability 
of their CES. All questions were simple-dichotomy types, requiring 
respondents to indicate either Yes or No. The data provided would be ordinal 
allowing for percentile ranking operations to be perfonned. 
This concluded Part 1 ofQUEST2 and respondents were requested to proceed 
to Part 2 of the questionnaire. 
4.8 QUEST3: CLINICAL ENGINEERING SERVICE CLIENTS 
QUEST3, found in Appendix C3, was targeted at clients or customers of Clinical 
Engineering Services. These were defined as users or beneficiaries of CES 's and 
included doctors, nurses and allied health professionals. Ultimately, the client 
defines the reason for any business and therefore, as mentioned previously, client 
expectations and perceptions are integral to effective perfonnance and quality 
measurement. 
4.8.1 Specifying Themes for the Questionnaire 
The themes for QUEST3 were identified in the issue-infonnation matrix and 
included: 
• Demographic (background) data 
• Services provided by the CES and rating of importance 
• Client/customer expectations and perceptions 
136 
4.8.2 Organisation of the Questionnaire 
The questionnaire was organised into the following sections: 
1. Demo graphic data 
2. Assessment of clinical engineering service 
3. Expectations and perceptions of CES service quality (which was initially 
included in QUEST3) 
4.8.3 Constructing Questions for QUEST3 
1. Demographic Data 
Section 1 of QUEST3 addressed the same issues brought up in the 
institutional management questionnaire (see section 4.6.1), QUEST 1 and will 
therefore not be repeated. 
2. Assessment of Clinical Engineering Service 
In essence, QUEST3 was a shorter, adapted version of QUEST 1. Questions on 
CES mission and strategy were deemed inappropriate for clients, as they 
would most probably not have the information or knowledge to answer them. 
Sub-section 2.1 of the questionnaire was identical to sub-section 3.1 in the 
previous questionnaires, and is described in detail in section 4.6.3 of this 
chapter. 
Sub-section 2.2 
This sub-section was completely qualitative, asking only open-ended 
questions to gauge general opinions of CES clients. 
In an effort to determine trends in CES client expectations, respondents were 
first asked to list, in order of preference, what they expected from a CES. The 
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second question requested respondents to list what, in their opinions, were 
major factors contributing to their expectations not being met. 
A question not asked of institutional management, but included here was how 
respondents believed the service offered by the CES influenced their own 
abilities to carry out their jobs in (a) perfonning clinical procedures, 
specifically or (b) providing healthcare selVices in general. Respondents were 
. subsequently asked their opinion on the implications of not having an in-
house service. The purpose of these questions was to detennine CES client's 
perceptions of the importance of Clinical Engineering SelVices. 
This concluded Part 1 ofQUEST3 and respondents were asked to proceed to 
Part 2 of the questionnaire. 
3. Expectations and Perceptions of CES Service Quality 
An additional section, which was initially included in the intennediate version 
of the questionnaire, made use of a widely utilised instrument, SERVQUAL, 
developed by Zeithaml, Parasuraman and Beny (1990). This method of 
detennining gaps between customer expectations and perceptions is described 
in the literature review. 
This section, which consisted of 23 paired questions regarding the five 
dimensions of selVice quality as defined by the authors, was discarded after 
the 'pilot' run. Reasons for this were (i) it was too laborious for the 
respondent - given the length and complexity of the rest of the questionnaire; 
(ii) it was not central to the research objectives and (iii) it would constitute an 
entire study of its own. It is however recommended to conduct a study 
investigating the applicability of SERVQUAL to Clinical Engineering 
SelVices. 
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4.9 QUEST4: MINISTRIES OF HEALTH / INTERNATIONAL HTM EXPERTS 
The fourth and final questionnaire, found in Appendix C4, was targeted at 
representatives of regional/provincial/national Government Departments of Health 
and international experts in Healthcare Technology Management. The latter 
included representatives of multilateral organisations and bilateral agencies, as 
well as technical consultants. The input of this group was considered to be vital 
because they are closely associated with the major policy- and decision-makers at 
national and international level. In fact, a significant number of the indicators 
proposed in the study were sourced from recommendations made by such groups. 
4.9.1 Specifying Themes for the Questionnaire 
The themes for this questionnaire, as identified in the issue-information matrix, 
were as follows: 
• Demographic (background) information 
• Mission, strategy and objectives ofCES 
• Services provided by the CES and rating of importance 
• Services outsourced to alternative service providers (i.e. manufacturers or 
third-party service providers) 
• Business benefit issues (advantages and disadvantages of the in-house 
CES) 
• Quality of service provided by CES 
• Performance ofCES 
• Sustainability ofCES 
4.9.2 Organisation ofthe Questionnaire 
The questionnaire was organised into the following sections: 
1. Demographic data 
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2. Mission and strategy of CES 
3. Services provided by CES 
4. Assessment of service provided by CES 
5. CES performance and sustainability 
4.9.3 Constructing Questions for QUEST4 
QUEST4 was basically an adaptation ofthe questionnaire targeted at institutional 
management i.e. QUEST1 (see section 4.6.1). The rationale for all the questions 
have been described previously, so the following section will only address 
questions briefly. 
1. Demographic Data 
Sub-section 1.1 was identical to that in the other three questionnaires, i.e. 
requesting contact details. 
Sub-section 1.2 asked respondents whether they were familiar with a Clinical 
Engineering Service. The question was a simple-dichotomy type, 
incorporating a conditional branch9. Respondents who checked Yes were 
asked to go to Section 2 and respondents who checked No were asked to 
proceed to Section 3. 
2. Mission and Strategy of Clinical Engineering Services 
For respondents who were familiar with a CES, they were firstly asked 
questions pertaining to organisational structure, as found in sub-section 3.3 of 
QUEST 1. They were subsequently asked the questions on mission statement 
and strategy, as described previously. 
9 Conditional branch: instructions or "go-to" statements in a questionnaire indicating that the respondent 
should skip items that do not apply, based on answers to previous questions. 
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3. Services Provided by Clinical Engineering Service 
In this section, the question on selVice provided by CES asked in all the 
previous questionnaires was posed. The difference lay in the fact that 
respondents were only asked to rate the selVices listed, according to the scale 
described previously. Given that this group was not necessarily attached to 
any particular CES, they were not asked to indicate the selVices provided. 
Respondents were subsequently asked their opinion on which of the selVices 
listed could/should be outsourced, and then for their opinions on the 
advantages and disadvantages of in-house Clinical Engineering SelVices. 
4. Assessment of Service Provided by CES 
Section 4 was qualitative, as for QUEST 1. The target group was asked for 
their opinions on (a) the impact of CES's on clinical procedures and 
healthcare selVice delivery; (b) the implications of outsourcing all equipment 
maintenance and management functions; and (c) their understanding of the 
term 'Quality ofSelVice' with respect to aCES. 
5. CES Performance and Sustainability 
This section focused on the respondent's assessment of performance and 
sustainability of Clinical Engineering SelVices. 
Sub-section 5.1 asked for suggestions for CES performance indicators, for 
reasons described earlier. 
Sub-section 5.2 focused on sustainability, asking (i) whether the CES selVice 
is a 'core' healthcare function, (ii) whether the respondent saw CES's in 
general sUlViving in the next 5, 10 or 15 years, and (iii) their perceptions of 
the institutional, organisational and (socio-political) environmental factors 
supporting and hindering existence of Clinical Engineering SelVices. 
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At this point respondents were asked to proceed to Part 2 of the questionnaire. 
4.10 DEVELOPMENT OF PART 2: CES INDICATORS 
The main objective of the study was to develop and test a set of comprehensive 
key indicators to describe performance of Clinical Engineering Services, which 
could then be used in assessing their sustainability. The critical indicators 
identified should facilitate standardisation of Clinical Engineering Services as 
well as allowing comparisons of performance, cost-effectiveness and 
sustainability to be made between CES's in differing environments. 
4.10.1 Overview ofthe Development of Part 2 
The development ofthe fmal indicator list incorporated into the questionnaire was 
long and fairly complicated, drawing on the methodologies described at the 
beginning of Chapter 4, viz. the Management-by-Variance Tool (Hinks and 
McNay, 1999) and the Performance Measure Record Sheet (Neely et ai, 1997). 
Figure 4.6 illustrates the procedure for the development of the fmal indicator list. 
As indicated, the development took place in four stages, namely: 
Stage 1: Collection of indicator literature 
Stage 2: Questionnaire design of Part 2: intermediate version 
Stage 3: Short-listing ofindicator list 
Stage 4: Final questionnaire design: Part 2 
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4.10.2 Details ofthe Development Process 
The following section will now describe the different stages briefly. 
1. Stage 1: Collection of Indicator Data 
The management-by-variance tool suggests that a long list of all possible 
indicators be prepared and then categorised according to pre-determined 
parameters. A list of indicators from the available literature and current 
practice was therefore assembled and then ordered into comprehensive 
categories according to factors being investigated, namely: 
1. Performance 
2. General activities performed by CES 
3. Inspection and preventive maintenance procedures (IPMs) 
4. Corrective maintenance procedures 
5. Test equipment available 
6. Spare parts 
7. Risk-management / safety 
8. User-related equipment malfunction 
9. Documentation 
10. Information systems 
11. Technical competence (of CES staff) 
12. Patient care 
13. Customer service 
14. Cost-effectiveness 
15. General. 
2. Stage 2: Questionnaire Design of Part 2: Intermediate Version 
In the second stage, each indicator was checked for wording and general 
questionnaire considerations, in order to avoid any misunderstandings of 
terms - given the large range of potential respondents. This was done to 
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minimise instrumentation and response bias. The initial long list of indicators 
assembled can be found in Appendix B. 
The next stage was the construction of an appropriate scale to be used in 
rating the proposed indicators, in an effort to derive a shortlist of generally 
important indicators. The same scale used for the rating of CES activities in 
Part 1 was considered. However, because of the large range of respondents 
targeted, an "I don't know" response was added. This was considered to be 
necessary since institutional management and CES clients were likely not to 
be able to determine the relevance of some of the more specific indicators. 
The final scale is illustrated in Table 4.5. The same reasons and concerns 
raised about the previous scale apply to this scale. 
Table 4.5: Rating Scale for CES Indicators 
The list of indicators and the scale were subsequently put into question format 
and formed part of the numerous pre-tests and the 'pilot' run. 
As with the rest of the questionnaire, Part 2 was found to be incredibly 
onerous and intimidating - requiring respondents to rate 112 proposed 
indicators, plus add any extras. This caused considerable respondent burden 
which would affect the validity and reliability of the incoming data. A 
systematic method for pruning the list therefore had to be determined 
3. Stage 3: Shortening the Indicator List 
As described in 4.1.3 at the beginning of the chapter, Neely et at provide a 
systematic method for determining whether performance measures are 'well-
designed'. They begin by providing recommendations for the design of 
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perfonnance measures, and then go on to provide a Perfonnance Measure 
Record Sheet. At this stage of the indicator-development process, the 
recommendations provided were used to short-list the 112-item indicator list. 
The most important considerations used in including indicators into the final 
list were whether they were (i) quantifiable (iii) objective, i.e. the same 
measurement could be obtained by different observers, (iii) relevant and (iv) 
simple to understand. 
This process produced a shortlist containing 33 items as shown in Table 4.6. 
Indicators not included in this list were either (a) discarded completely or (b) 
fonned part of the performance and sustainability factor list included in 
QUEST2. The latter group consisted of items that were relevant and simple to 
understand to CES personnel, but were not quantifiable and objective - a 
necessary characteristic of a meaningful indicator. 
4. Stage 4: Final Questionnaire Design of Part 2 
The final design of part 2 is shown in Appendix CS. A funnel technique was 
used to order the indicators, i.e. the more general indicators, likely to be 
understood by all respondents were placed first, and the specific indicators at 
the end of the list. The indicator list was further refined by dividing it into 
comprehensive sections, making it easier for respondents to follow. These 
sections were: 
• Patient/Client related (indicators 1 - 6) 
• Perfonnance/personnel (indicators 7 - 17) 
• Cost-effectiveness (indicators 18 - 23) 
• CES activities (indicators 24 - 33) 
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Table 4.6: Final Indicator Shortlist 
10 IPMs = Inspection and Preventive Maintenance procedures 
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Respondents were asked to rate the proposed indicators according to the scale 
provided. 
As the list provided was not exhaustive, respondents were asked to suggest 
any other indicators they considered to be appropriate in measuring CES 
performance and sustainability. In order to gauge the relative importance of 
these indicators, they were asked to rate them according to the scale given in 
Table 4.7. This was an adaptation of the initial scale, where the lower end of 
the scale was omitted to prevent respondents from suggesting irrelevant 
indicators. 
Table 4.7: Rating Scale for Additional Indicators Suggested by Respondents 
Finally, respondents were asked if they had any further comments relating to 
clinical engineering selVices generally or on the questionnaire specifically. 
Respondents were thanked for their time and effort in completing the 
questionnaire and the return address (postal, fax, email) was provided. 
4.11 ADMINISTRATION OF THE FINAL QUESTIONNAIRES 
The accessories to the questionnaire, namely the cover letter and glossary of terms 
used in the questionnaire were designed in parallel with the questionnaires. The 
cover letter requested respondents to participate in the study, giving details about 
the sUlVey, its purpose and importance, the respondent's role and assured 
confidentiality and access to results. In addition, a general background to the 
study plus the status quo of medical equipment maintenance and management 
were provided. Given the range of terminology with respect to clinical 
engineering services, several definitions were also provided in the cover letter. 
148 
Three versions of each of the questionnaires were designed, namely a standard 
laser-printed mail (paper) version, an email (electronic) version and a web-based 
version. Due to technical problems the last-mentioned was not used. The sampling 
procedure was described in chapter 3. Figure 4.7 summarises the administration 
procedure. 
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Phase Three, as illustrated in the ovelView of the methodology (Chapter 3.1), 
consisted of an analysis of the data collected from the completed questionnaires, 
as well as an analysis of the questionnaires themselves, in order to determine the 
applicability and effectiveness of the developed instrument. The results from the 
study - which are not conclusive results, i.e. are preliminary results of the 
ongoing project - will be presented in this chapter, while the following chapter 
focuses on the analysis of the instrument. 
5.1 OVERVIEW OF DATA ANALYSIS METHODS 
AB described in the previous chapter the four questionnaires were divided into two 
parts: 
Part 1 - comprising mostly of open-ended questions, which would be analysed 
qualitatively, and a few structured questions that could be analysed statistically. 
Part 2 - which was completely structured, thus facilitating statistical analysis of 
the data. 
The two methods used in this study, i.e. (i) the qualitative analysis and (ii) the 
quantitative analysis will be briefly described in this section. 
5.1.1 Qualitative Data Analysis 
Dey (1993) describes qualitative data analysis in terms of a logical succession of 
steps, starting from the first encounter with the data through to the production of 
an account. Figure 5.1, adapted from Dey, illustrates these steps. 
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ANALYSIS 
Level of analysis for pilot study 
------------------------------....----'""'-"" 
DATA 
Figure 5.1: Steps involved in qualitative data analysis (Dey, 1993) 
As indicted in Figure 5.1, the qualitative analysis for this study ended at the level 
of categorising the data collected. This was due to certain limitations, including 
time constraints and low response rate; conclusive results could therefore not be 
reported. However, dominant themes and trends emerged from the categorisation 
of the data, which provided considerable insights into the research objectives. The 
process is illustrated in Figure 5.2. 
List verbatim responses to each question 
Define categories based on: 
• inferences from the data 
• initial and emergent research questions 
• observations from 1he literature review 
Determine dominant 1hemes and trends 
Note similarities in the themes 
Report findings 
Figure 5.2: Qualitative analysis - categorisation of data 
151 
5.1.2 Quantitative Data Analysis 
Analysis of Single Variables 
Due to the exploratory nature of the study, descriptive statistics l were used to 
determine and describe patterns in the quantitative data. The structured questions 
in the questionnaire either provided nominal data or ordinal data, which limited 
the types of analytical tools that were permissible. 
Figure 5.3 illustrates the tools permissible with the different types of 
measurements, as described by Alreck & Settle (1995) and Zikmund (2000). 
Type of 
measurement 
Type of descriptive 
analysis 
Frequency in each category 
Percentage in each category 
Mode 
Median 
Range (Max & Min) 
Percentile ranking (Rank 
order) 
Figure 5.3: Tool selection for descriptive analysis 
Tabular and graphic 
representation 
Frequency and percentage 
tables 
Bar and column graphs 
Pie charts 
Range plots 
Box and whisker plots 
As shown in Figure 5.3, the descriptive statistics appropriate for the nominal data 
are also appropriate for the ordinal data. 
It should be noted that the arithmetic mean, as a measure of central tendency, 
would not be appropriate for both the nominal and the ordinal data. Firstly, it is 
not valid to measure the mean of nominal data, as the values are merely names. 
1 Descriptive statistics: Statistics such as averages and measures of spread, used to condense and 
summarise the data to make :facts more visible, as well as to indicate the degree to which the sample data 
is likely to represent the entire population (Alreek & Settle, 1995) 
152 
Secondly, for ordinal data, the intervals between code values are not necessarily 
equal, therefore fractional values have little meaning. 
Relationship Between Variables 
An additional tool relevant to the study would be to determine the relationship 
between different variables. As the study provided nominal and ordinal data, 
cross-tabulation2 - which indicates the relationship between two categorical 
variables - would be the appropriate measure of association to use. This would 
entail defining the different variables as either independene or dependent4 
(although this is not an absolute requirement) and subsequently determining the 
relationship between them. The causative relationship (i.e. which variable is 
causing or determining the other) is inferred from the research objectives, and the 
direction of causality is from the independent variable to the dependent variable. 
For this study, the independent and dependent variables are defmed as: 
Independent variables 
• Target group* 
• Health facility type and size (no. beds, no. equipment) 
• Country (region) 
• Sector type 
Dependent variables 
• Service provided* 
• Service rating* 
• Outsourced services 
• Sustainability factors (QUEST2 only) 
• Trends affecting CES (QUEST2 only) 
2 Cross-tabulation: A technique organising data by groups, categories or classes, thus facilitating 
comparisons: a joint frequency distribution of observations on two or more sets of variables - presented 
as a matrix with values of one variable defining the rows and values of a second variable the columns 
3 Independent variable: Variable that is causing the other to vary (also called explanatory/predictor 
variables i.e. used to explain or predict a response, outcome or result -the dependent variable) 
4 Dependent variable: Variable that is being atfectedlvaries by independent variable 
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• Indicator ratings*. 
Variables in boldface can be defined as primary independent and dependent 
variables which are directly related to the objectives of the study, while those 
marked with an asterisk (*) indicate the variables that could be cross-tabulated for 
this study, given the range of responses received. 
The three basic requirements for cross-tabulation include: 
• data should be in categories 
• there should be a limited number of categories for each variable 
• the total n-size or number of cases should be large enough to provide a 
sufficient minimum cell frequency. 
Due to the limited number of cases (low response rate), this method could not be 
used, as any results produced would not be statistically valid. 
All data entry and management was perfOlmed using Microsoft Excel 2000 
spreadsheets; and the statistical package STATISTICA 5.5 used for the data 
analysis outlined in this section. The results from the analysis of the four 
questionnaires will now be presented section-by-section, as they appeared in the 
final questionnaires. 
5.2 DEMOGRAPHIC DATA 
As indicated in the methodology chapter, two versions of the questionnaires were 
distributed to potential respondents, namely (i) a paper version for local 
respondents and (ii) an electronic version (a locked form created in MS Word 
2000) e-mailed to international respondents. 
The total number of paper questionnaires distributed locally and the subsequent 









Table 5.1: Response Rates ofthe Questionnaires Distributed within South Africa 
The total response rate of27% is considered to be important, because Part 2 of all 
the questionnaires was identical, and could therefore be analysed together. 
The total number of electronic questionnaires distributed to international 
respondents cannot be detennined due to the 'snowball' sampling technique 
employed, i.e. potential (known) respondents in Europe, USA and Australia were 
assigned the task of further distributing the questionnaires in their respective 
regions. Questionnaires were also distributed via the INFRATECH and lFMBE 
list-servers, requesting interested parties to participate in the study. 
At the time of writing this report, only three responses had been received from the 
international community, namely one (1) response to QUEST2 and two (2) 
responses to QUEST4, bringing the total responses to thirty (30). This was 
considered to be an acceptable number for presenting the preliminary findings of 
the pilot study. Further responses will fonn part of continuing research beyond the 
scope of this study. 
The following sub-sections illustrate the results of the demographic infonnation 
collected. 
5.2.1 Distribution of Responses by Target Group 
The target group was identified as a primary independent variable, allowing 
comparisons to be made between opinions of CES personnel, their clients, 
institutional management and experts/decision-makers at regional, national and 
internationallevels. Table 5.2 shows the frequency and percentage of responses 
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from each of the four target groups, while Figure 5.4 illustrates the relative 
proportion ofresponses. 
Table 5.2: Distribution of Responses by Target Group 












(CES Management & 
Personnel) 
30% 
The relative percentages of responses from the first three target groups were 
roughly similar, therefore facilitating valid comparisons between them. It was 
interesting to note that not only were there more responses from institutional 
management than the other groups, but they also contributed the most in the 
qualitative sections of the questionnaires . 
156 
5.2.2 Distribution of Responses by Country 
One of the objectives of the project as a whole is to compare functions, services 
and opinions of CES 's in differing regions. The country in which each CES was 
based was therefore defined as a primary independent variable. Table 5.3 and 
Figure 5.5 respectively, show the distribution of responses by country. 
Table 5.3: Distribution of Responses by Country 




Figure 5.5: Relative Distribution of Responses by Country 
77% 
With 77% of responses from South Afiica (specifically the Westem Cape), and all 
others constituting only 23% of the total, comparative analyses of country- or 
region-specific variables could not be conducted. 
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5.2.3 Distribution of Responses by Health Facility Type 
The needs and functions of CES 's could be found to differ across health facility 
types and sizes. These were identified as being secondary independent variables 
relative to this study. The proportion of responses from the differing health 
facility types specified in the questionnaire, plus those suggested by respondents 
in the 'Other' category of question 1.2 in questionnaires 1 - 3, are summarised in 
Table 5.4 and Figure 5.6 respectively. 
Table 5.4: Distribution of Responses by Health Facility Type 
Relative Distribution of Responses by 








of Health (other) 
7% 
All levels of healthcare 
(other) 
4% 
Figure 5.6: Relative Distribution of Responses by Health Facility Type 
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As illustrated in Figure 5.6 the vast majority of responses were from tertia!), or 
academic health facilities and therefore comparisons between different health 
facility types could not be conducted. 
5.2.4 Summary of Distribution of Responses 
In summaI)', analysis of the demographic data illustrated that the opInions 
expressed in the study would primarily be from CBS's at tertiary institutions in 
the South African public sector. However, compalisons between the different 
target groups could be conducted, due to their relative proportions. 
5.3 MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICES 
5.3.1 Identifying an Appropriate Mission Statement for aCES 
The question of an appropriate mISSIOn statement was posed to institutional 
management, CES personnel and international HTM experts. In most cases, both 
institutional management and CBS personnel were not aware of an existing 
mission statement specific to the Clinical Engineering Service. Table 5.5 collates 
the dominant themes that emerged from the three groups. 
Suogested Elements in a CES Mission Statement 
1. To provide an appropriate technical service to support improvement in healthcare 
delivery. 
2. To provide a professional and quality service in supporting both the provision and 
effective use of medical equipment from conception/procurement to disposal. 
3. To (innovatively) maintain optimum performance of all medical equipment 
4. To provide an efficient and cost-effective clinical engineering service. 
5. To promote safety of health care delivery, with respect to medical equipment. 
6. To deliver an effective and sustainable healthcare support service. 
7. To establish operating policies and procedures for MEM&M. 
Table 5.5: Suggested Elements in a CES Mission 
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Opinions of institutional management were centred around the delivery of quality 
healthcare delivery support services, while those ofthe CES personnel were more 
specific to the functions of a clinical engineering selvice. The fomth target group, 
international HTM expelts, introduced the need for working policies and 
procedures for Medical Equipment Maintenance and Management. All three areas 
are important in contributing to the sustainability ofCES's. 
5.3.2 Identifying Appropriate Strategic Elements for aCES 
The three groups were subsequently asked to suggest appropriate elements in a 
strategic plan for a CBS, in order to achieve its mission. A composite list of 
suggested strategic elements is presented in Table 5.6. VelY similar themes 
emerged from all three groups. 
SlIooested Strateoic Elements for aCES 
l. Improve service delivery. 
2. Financial management. 
3. Ensure sufficient physical infrastnlcture (test equipment, space, etc.). 
4. Improve human resources. 
5. Training and continuous education of users and teclmicai staff. 
6. Improve collaboration with stakeholders (clients and management) as well as private 
companies and other CBS's. 
7. lmplement progranunes for maintenance, inspections, replacements, etc. 
8. Procedures for corrective maintenance, specifications and procurement of medical 
equipment 
9. Quality control and improvement 
Table 5.6: Suggested Strategic Elements for aCES 
5.4 SERVICES PROVIDED BY CLINICAL ENGINEERING SERVICES 
One of the main objectives of the study was to compare the functions and selVices 
ofCES's in their respective environments (socio-political, regional, institutional). 
Of particular interest was the relative impOltance of the CES to the institution it 
supported, as seen by all four target groups. The services provided by the 
respective CES's and their subsequent ratings were thus defined as primary 
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dependent variables. The following sub-sections summarise the results of this 
quantitative section. 
5.4.1 Services Provided 
Institutional management, CES personnel and CES clients were asked to indicate 
which medical equipment management and maintenance selvices, as listed in the 
questionnaires were (to the best of their knowledge) provided by their respective 
CES's. Table 5.7 summarises the relative percentages of each service provided. 
Figure 5.7 illustrates the relative percentages by way of a column chart. Services 
listed in italics were additional services indicated by respondents as being offered 
by their CES's. 
0/0 Service 
Provided 
% Service Not 
Provided 
32 32 60 36 57 21 71 18 21 43 14 50 
68 68 40 64 43 79 29 82 79 57 86 50 
TOTAL 100 100 100 100 100 100 100 100 100 100 100 100 




46 71 32 43 36 18 25 39 0 4 0 
% Service Not 46 
Provided 54 29 68 57 64 82 75 61 100 96 100 
TOTAL 100 100 100 100 100 100 100 100 100 100 100 100 
where: 
S 1 Strategic technology needs asses..'-rnent and 
planning 
S2 Technology a...~ssmen1 
S3 Specification, evaJuation and procurement of 
equipment 
S4 Asset/inventory management 
SS Review of equipment replacement needs 
86 Cost ofownership monitoring 
87 Management of service contracts 
88 Project management 
89 Facilities and pJant management and 
maintenance 
SID Traiuingequipment users 
S11 Risk management 
SIl SaCetycnecks 
S13 Acceptance testing (incoming inspections) 
S14 Inspection and preventive maintenance (IPM) 
SIS Corrective maintenance (repair) 
816 Equipment perfonnance monitoring 
S 17 Functional or calibration checks 
S18 Quality assurance and improvement 
819 Research and developmentlrnod.ificafion of 
equipment 
S20 IT IComputer hardware and nehvorks 
S21 Teleconnnunicalions 
S22 Financial management ofCES 
S23 Configuration ofmeriical equipment 
S24 Incident evaluation curd reporting 
Table 5.7: Relative Percentages of CES Services Provided 
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Figu re 5.7: Relative Percentages of CES Services provided 
Figure 5.7 indicates that the major CES services provided and familiar to all three 
groups were corrective maintenance (repairs) and management of service 
contracts, followed by specification, evaluation and procurement of equipment 
and review of equipment replacement needs, respectively. Acceptance testing of 
incoming equipment and safety checks were provided by just over 50% of the 
CES's. Inspection and preventive maintenance (IPM), which the literature review 
showed to be one of the basic and most important functions of a CES, was 
checked by just under 50% ofrespondents. However, a review of the data showed 
that 82% of CES personnel specified this as a service provided by their 
departments. This suggests that institutional management and CES clients were 
unaware of this basic function . Finally, user training and functionaVcalibration 
checks were indicated by 43% of the sample. This distribution, plus the low 
frequencies of such services as project management and facilities management, 
suggests that the general functions of the CES's surveyed corroborate with 
observations from the literature review. 
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5.4.2 Ratings of Services Provided by CES 
In order to evaluate the relative importance of CES servIces tn general, 
respondents were required to rate all the possible clinical engineering services 
listed according to their perceived importance to their respective institutions. The 
rationale behind the scale used was described in the methodology. Although a 
scale of 1 to 5 was provided, a significant number of respondents rated only those 
services provided by their institutions, and not the others. Services that were not 
rated were thus regarded as missing data, and not included in the analysis. The 
significance of this will be discussed in the analysis of the questionnaires. The 
data produced was ordinal, therefore the medians and ranges of the respective 
services were computed. The composite descriptive statistics are given in 
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I. Specification, evaluation and procurement of equipment (S3) 
11. Inspection and preventive maintenance (IPMs) (S 14) 
Ill. Corrective maintenance (repair) (S 15) 
IV. Functional or calibration checks (S 17). 
These services all scored a median rating of 5, with a minimum rating of 4. Also 
considered to be essential CES services, scoring a median of 5 but minimum 
ratings of2, were: 
v. Strategic technology needs assessment and planning (S 1) 
VI. Safety checks (S12). 
The more traditional equipment management and maintenance activities, such as 
technology assessment, review of equipment replacement needs, training 
equipment users and management of service contracts were deemed important, 
even though Figure 5.7 showed that some of them were not sufficiently provided 
by CES's. Non-traditional services, such as (i) facilities and plant management 
and maintenance and (ii) telecommunications - usually offered by other 
departments or outsourced - although scoring a median of 4, had minimum scores 
of ], indicating that some respondents considered them irrelevant to the CES 
function. 
Cross-tabulation - or quadrant analysis5, which has grown increasingly popular as 
a component of Total Quality Management programmes (Zikmund, 2000) -
would have been useful in establishing the relationships between the independent 
variables identified (specifically target group) and service rating. This would give 
insight into expectations and perceptions of the different groups. Due to the 
limited number of cases (n-size), this analysis could not be performed. However, 
descriptive statistics of the ratings from the individual target groups gives an 
indication of the differing opinions of each group. These are illustrated in Figures 
5.9-5.11. 
5 Quadrant Analysis: A variation of the cross-tabulation table that plots two rating scale questions into 
four quadrants ofa two-dimensional table. Sometimes referred to as importance-performance analysis 
(Zikmund,2000) 
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Apart from the similarities indicated by the composite scores shown in Figure 5.8, 
comparisons of the three graphs shows certain differences between the individual 
groups. Differences occurred between CBS personnel versus institutional 
management and CBS clients, respectively, who both considered technology 
assessment to be an essential service; while CBS personnel indicated that 
asset/inventory management was essential. Also, institutional management 
considered (i) stra tegic technology needs assessment and planning, (ii) review 
of equipment replacement needs, (iii) acceptance testing and (iv) quality 
assurance to be essential services, unlike the other two groups. These are issues 
that would be particularly relevant to institutional management, who would be the 
main decision-makers, especially with regards to budget allocation. 
5.5 EXPECTATIONS AND PERCEPTIONS OF STAKEHOLDERS 
The following section describes the expectations and perceptions of both CBS 
direct clients (nurses, doctors etc) and institutional management - who are both 
stakeholders and the top decision-makers at an institutional level. 
The themes emerging from this qualitative section are collated from QUEST 1 : 
Sections 4.1.1 and 4.1.2; QUEST2: Section 3.3.3 and QUEST3: Sections 2.2.1 
and 2.2.2, which essentially asked the same questions, although phrased 
differently. 
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5.5.1 Client and Institutional Management Expectations of CES 
In this section, institutional management and clients were asked to indicate what 
their expectations of a CES were; while CBS personnel were asked if they knew 
the expectations of their clients. The composite themes are presented jn Table 5.8. 
Client and Institutional Management Expectations ofCES's 
1. Effective (and timely) management of general CES activities viz. rPM, repairs, 
inventory management, equipment evaluation & procurement. 
2. Prompt, efficient, safe and qua~ty service. 
3. Support for institutional management with specification and procurement/replacement 
of medical equipment, new tenders. 
4. Client/user and technical staff training and re-training. 
5. Up-to-date knowledge, innovative ideas and ability to adapt. 
6. Cost-effectiveness. 
7. Strategic planning and needs assessment. 
8. Management of service contracts, liaison with outsourced groups, good referral system 
9. Quality assurance and control. 
10. Minimal downtime ofcritical equipment 
11 . Availability and user-driven service. 
Table 5.8: Client and Institutional Management Expectations of CES 
5.5.2 Reasons Expectations Are Not Met 
In an effort to identifY the factors preventing CES from deliveling selVlce 
expected of them, institutiona1 management and clients were asked their opinions 
on why, if at ali, their expectations of the CBS were not met. Table 5.9 
summarises the themes emerging fi'om this section. 
Reasons Expectations Not Met 
1. Lack offinancial resources. 
2. Lack of infrastructure (organisational, physical) and logistics support (e.g . transport) . 
3. Lack of human resources and technical expertise. 
4. Poor staffmotivation due to lack ofstaffing norms, lack of incentives and poor career 
structure. 
5. Poor management and planning ofCES functions. 
6. Excessive downtime due to old and obsolete equipment, lack of spares. 
7. Lack of ownership/disci line regarding handling of equipment 
Table 5.9: Reason Institutional Management/Client Expectations Not Met 
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5.6 IMPORTANCE OF CES AND IMPACT ON HEALTHCARE DELIVERY 
Observations from the literature revIew showed that medical equipment 
maintenance and management is often considered not to be a 'core' function of 
healthcare institutions, thus threatening the existence of in-house CES's, The 
impact of CES's on healthcare delivery - as perceived by all four target groups -
was considered to be an important factor as a means of qualifying the existence of 
this service, 
5.6.1 Advantages and Disadvantages of Clinical Engineering Services 
In an effort not to lead respondents in either a positive or negative direction with 
regards to the importance of CES, institutional management and HTM experts 
were asked to state both the advantages and disadvantages of in-house CES's, as 
opposed to outsourcing all medical equipment maintenance and management 
QUEST1: Section 3.3 and QUEST4: Section 3.3 address this issue directly, 
Themes emanating from this question are described in Table 5,10 and Table 5,11. 
Advantaoes of In-House C[S's 
l, Cost-effective (for repairs, re-distribution oflow-tech equipment, etc,) provided the 
CES is well-equipped, staffed and properly managed, 
2, Quick response time, 
3, Knowledge of institution' s strategic direction and unique requirements, concerning 
medical equipment (e,g, know when parts can be taken from unused equipment), 
4, GDod conununication channels and working relationship with institutional management 
and clients, 
5, Easilyaccessible/available -therefOre able to re-prioritise (e.g. for emergencies). 
6. Loyalty and accountability - therefore quality of workmanship better than outsourced 
servIce. 
7. Lower cost opportunity for in-house technical training, research, innovation. 
8. Better control over inventory - maintenance history data readily available. 
Table 5.10: Advantages of In-House CES 
An interesting observation was that responses to QUEST2: Section 4.1, in which 
CES personnel were required to state their opinions on the impact of their service 
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on the performance of the healthcare delivery system, corresponded to the 
advantages ofCES's as given in Table 5.10. 
Disadvantages of In-House CES 
1. Lack of resources (financial, human, material) results in ineffective service (e.g. poor 
management, long waiting times). 
2. High capital cost (meDical equipment, test equipment, training, space etc.). 
3. Human resource management complex (especially in public sector) - difficult to acquire 
and retain specialised talent. 
4. Lack of knowledge in specialised or complex equipment. 
5. Low morale ofCES personnel due to lack of incentives. 
6. Liability for medical equipment-related injuries/deaths. 
Table 5.11: Disadvan tages of In-House CES 
In QUEST2: Sectioo 3.3.4, CES personnel were asked if there would be any 
advantages of outsourcing CES activities. Table 5.12 describes the results fi:om 
this question. 
Advantaoes ofOlltsollrcino CE Activities 
1. Contractors provide the human resources and training needed to complete MEM&M. 
2. Some equipment too specialised/complex to be serviced in-house. 
3. Transfer risk to external agent. 
4. No requirements to hold stocks of spare parts. 
5. Regular software upgrades. 
Table 5.12: Advantages of Ou tsourcing CE Activities 
These results correspond with the themes desclibed in Table 5.11, where 
institutional management and HTM experts were asked for the disadvantages of 
in-house CES as opposed to outsourcing. 
5.6.2 1m pact of CES on Healthcare Service Delivery 
In this section institutional management, CES clients and HTM experts were 
asked for their opinions on the impact of CES's on healthcare facilities. 
Responses to this question were collated from QUEST!: Section 4.13 and 
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QUEST4: Section 4a, which ask this directly, while CE clients (QUEST3: 
Section 2.2.3) were asked how the service provided by CES's influence their 
ability to carry out their own jobs. Table 5.13 summarises the themes emerging 
from the responses to these questions. 
1m act ofCES 011 Healthcare Service Deliver 
I. Enhances healthcare service delivery, which is highly dependent on fimctional medical 
equipment 
2. Effective CES increases productivity, morale and satisfaction of cIwcal staff through 
user-training and by ensuring availability of medical equipment. 
3. Improves safety and efficiency of essential med ical equipment (in-spite of old age and 
unavailability of parts). 
4. Reduces operational costs and downtime of equipment. 
5. Lack of maintenance and non-availability of life support equipment could impact 
negatively on mortality and morbidity, resulting in medico-legal problems. 
6. Limitations ofCES (e.g. lack ofresources) results in ineffective service- negative 
impact on healthcare delivery. 
Table 5.13: Impact of CES on Healthcare Service Delivery 
5.6.3 Implications of No In-House CES 
The literature review revealed that outsourcing medical equipment maintenance 
and management is a trend that has affected CES's globally. In order to establish 
perceptions on the effect of outsourcing versus in-house CES's, respondents were 
asked to state what, in their opinion, were the implications of not having an in-
house CES. This was essentially a rephrasing of Section 6.6.1, in which 
respondents were asked to state the advantages and disadvantages of CES's over 
outsourced services. The responses presented in Table 5.14 are collated from 
QUESTl: Section 4.1.4, QUEST3: Section 2.2.4 and QUEST4: Section 4b. 
Themes from Table 5.14 were found to conespond with the advantages of an in-
house CES, as described in Table 5.10, thus indicating stability in responses. 
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1m lications of No In-House CES 
1. Very costly - especiaUy for day-to-day minor repairs. 
2. Less control and Jack of accountability on MEM&M from outsourced service. 
3. Rigorous supervision is a critical factor. 
4. l.a.ck of knowledge of specific institutional needs and strategic plans - therefure less 
opportunities for mtegrated proj ect management plans. 
5. Slower response times and greater turnaround times. 
6. Unavailability of staff for inunediate on-site emergencies. 
7. Ex.ternal service providers more knowledgeable about specialised equipment. 
Table 5.14: Implications of No In-house CES 
5.7 'QUALITY OF SERVICE' WITH RESPECT TO CES 
A major theme that came up in the expectations of institutional management and 
clients was that of quality service. Business management literature and recent 
trends in CES management stress the importance of quality, resulting in celtain 
buzzwords such as Quality Assurance, Total Quality Management, Quantum 
Quality, to name a few. However, the literature review also showed that quality 
has several meanings depending on the customer's needs and expectations. 
This section aimed to establish what 'quality of service' means, with respect to 
Clinical Engineering Services. This question was posed to institutional 
management and HTM experts, but was found to be difficult to conceptualise. 
One respondent indicated that not only is it a complex concept - but it is also 
difficult to transmit to lower academic-level personnel. However, where an 
attempt was given to define this concept, the themes described in Table 5.15 
emerged. Answers were derived from QUEST1: Section 4.2.1 and QUEST4: 
Section 4c. 
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Quality of Service with Respect to CES 
1. Professional, predictable, reliable and readily available service. 
2. Providing safe patient care through effective and efficient service delivery, integrated 
with the goals of the institution. 
J. Ensuring safety, efficient repair, availability and optimum lifespan of medical 
equipment 
4. Prompt service - minimaJ response times and minimal equipment downtime. 
5. Compliance to standards defined for measuring output and qUality. 
Table 5.15: Quality of Service ",th Respect to CES 
5.8 PERFORMANCE OF CLINICAL ENGINEERING SERVICES 
The implementation of standardised perfonnance indicators would be less costly 
if integrated with existing perfonnance measurement systems. Autio & Moms 
(1995) also suggest that indicators could be delived from an existing database, 
consisting of standard elements. This section sought to detennine what, if any, 
methods were currently used to measure CES perfOlmance. 
5.8.1 Current Assessment of CES Performance 
Institutional management and CES personnel were asked to describe how CES 
perfonnance was assessed at their respective institutions. Trends resulting from 
the responses are summarised in Table 5.16. These were collated from QUESTl: 
Section 5.1a and QUEST2: Section 4.3c. 
Curreut Assessmeuts orCES Performance 
1. Budget vs. cost control / cost-saving benefits. 
2. Client complaints. 
J. Annual report (e.g. no. of tasks perfunued annually, records etc.). 
4. Observation (e.g. repair requisition monitoring). 
5. Average lime li-om service call (li-om clinical staff) to completion of repair. 
6. Service requirements. 
7. Ad hoc or no performance assessment system. 
Table 5.16: Current Assessment of CES Performance 
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5.8.2 Suggested CES Performance Indicators 
Respondents were subsequently asked to suggest important indicators that could 
be used to measme CES performance. This question was asked before Part 2 of 
the questionnaire so as to determine general trends, which were not influenced by 
the indicators proposed later in the questionnaire. Table 5.17 describes dominant 
themes arising from this section, roughly in the order of frequency of occurrence. 
These were collected from QUESTl: Section 5.1 b, QUEST2: Section 4.3b and 
QUEST4: Section 5.la. 
Suooested CES Performance Indicators 
1. % reduction in costs per total budget per equipment type (all other factors being 
constant) e.g. total hourly cost. 
2. Downtime (especially critical equipment). 
3. No. offimctional testing/safety checks - resulting in improved safety (e.g. less injuries). 
4. No. of customer complaints· customer satisfuction. 
5. Keeping within targeted IPM schedules. 
6. Repairs: time to repair; % time devoted to repairs; normalised no. repairs; no. repeat 
reparrs. 
7. Response time to service requests. 
8. % equipment in good working order / with lifetime within range. 
9. Turnaround time per type of equipment. 
10. AmOlmt ofnser-training. 
11. No. of jobs in-house vs. outsourced / % equipment sent to agents. 
12. No. of equipment per staffmember / No. of tasks per staffmember. 
13. Productivity (single fuctor, multifuctor). 
14. Availability ofCES and professional conduct. 
15. New projects taken, research papers etc. 
16. Fraction of institution's insurance cost for covering equipment-related lawsuits. 
Table 5.17: Suggested CES Periormance Indicators 
5.9 SUST AINABILITY OF CLINICAL ENGINEERING SERVICES 
Observations from the literature review stated that Clinical Engineering Services, 
both in the developing and developing countries, have been (or are currently) 
threatened with closure. WHO (1999) indicate that inappropriate physical 
infrastl1lcture and technology (both of which form part oftbe function ofCES's) 
in tum affect the sustainability of health systems. It is therefore imperative to 
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identifY factors that impact on the survival of CBS's, in an effort to develop 
relevant sustainability indicators. This section sought to identifY these factors. 
5.9.1 Are Clinical Engineering Services a 'Core' Function of Healthcare Service 
Delivery? 
Budget cuts, economic rationalisation, downsizing and outsourcing are trends 
affecting CBS's because the CBS function is not considered to be a 'core' 
function of healthcare service delivery. Of the 22 respondents, 77% considered 
CBS's to be a core function of healthcare deliveIy. In an effort to establish the 
rationale behind this reasoning institutional management, CBS personnel and 
HTM experts/ representatives of Depaltments of Health were asked to elaborate 
on why they considered CBS's to be (or not be) a core healthcare function. 
Responses to this question are col1ated from QUEST1: Section 5.2.1, QUEST2: 
Section S.2a and QUEST4: Section 5.2.1. Table S.18 summarises general 
opinions of the three groups. 
Are CES's a Core Function of Healthcare? 
Yes 
1. Healthcare technology is a vital component of the heaLthcare delivery package. 
2. Clinical fimctions - consisting of diagnostic, life support and surgical procedures ·, are a 
core fimction ofhealth service delivery - all ofwhich highly dependent on functional 
medical equipment! healthcare technology. 
3. ClinicaL functions are increasingly dependent on expertise that understands this 
technology. 
4. MEM&M ensures availability, safety and understanding of medical equipment to users 
which is essential to healthcare provision. 
S. CES is a supportive function that delivers an essential service for acute emergency care. 
6. Without CBS, costs of health care service would be huge. 
No 
7. Patient care is the core fimction of health care service delivery. 
8. There is a need to define 'core'. 
9. 'Core' service is restricted to clinical service. 
Table 5.18: Are CES's a Core Function of Healthcare Service Delivery? 
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5.9.2 Factors Supporting (or Hindering) the Existence of CES 
Having established whether the CES function is (or is not) indeed central to 
healthcare service delivery, this section sought to detennine what factors -
whether institutional, organisational or (socio-political) environmental - support 
or hinder the existence ofCES's. Tables 5.19 and 5.20, derived fi:om QUEST1: 
Section 5.2.2, QUEST2: Section 5.1 and QUEST4: Section 5.2.2, summarise 
the verbatim responses to this question. 
Factors Supporting the Existence ofCES's 
1. Institutional / DoH und erstand ing, commitment and support ofCES function . 
2. Adequate resources (e.g. physical infrastructure, human resources, financial). 
3. Effectiveness ofCES in all equipment management and maintenance activities . 
4. Organisational structure and strategic direction of institution. 
5. Cost-effectiveness ofCES vs. external service providers. 
6. A need for the service (i.e. disease, leading to a need fur healthcare delivery, therefore a 
need fur healthcare technology and subsequently a need for technology support). 
7. Adequate budget allocation. 
8. Policy development (especially at MoH level). 
9. Capacity building, staffing nonus and career pathing. 
10 . Mission statement 
Table 5.19: Factors Supporting the Existence ofeES's 
Factors Hindering the Existence ofCES's 
1. Lack ofhuman resources - particularly trained and qualified technical personnel 
2 . Lack of financial resources / budget constraints. 
3. Trends in outsourcing / private market expansion. 
4. Low salary packages. 
5. Lack ofknowledge / direction in MEM&M. 
6. Lack of awareness / political will of decision makers. 
7. Lack ofinitiative and creativity ofCES professionals. 
8. Institution type (e.g. rural !acility / day clinic vs. academic health fucility). 
Table 5.20: Factors Hindering the Existence of CES's 
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5.9.3 Sustainability Factors 
The Report of the December 1998 WHO Consultation on Physical Infrastructure 
proposed certain key factors that ensure sustainability ofhealtb systems. In order 
to ascertain whether the same factors have an impact on the sustainability of 
CES's - which are a function of health systems and directly linked to physical 
infrastructure and technology - clinical engineering personnel were requested to 
indicate which of the proposed factors had a significant impact on CES 
sustainability. Table 5.21 summarises results of the relative frequency of each 
factor, while Figure 5.12 illustrates the results graphically. Detailed frequency 
tables can be found in Appendix D3. 
% Significant 78 8 67 78 67 56 78 78 56 67 
% Not Significant 22 22 33 22 33 44 22 22 44 33 
where: 
TOT AL 100 100 100 100 100 100 100 100 100 100 
SF1: Adequate physical infrastructure 
SF 2: Adequate financial resources 
SF 3: Adequate hwnan resources 
SF 4: Management/strategic commitment 
SF 5: Conducive environment 
SF 6: Legal framework 
SF 7: Logistics support 
SF 8: Perfonnance of technical staff 
SF 9: Stakeholder participation 
SF 10: Recognition ofacceptance by clients 
Table 5.21: Factors With Significant Impact on CES Sustain ability 
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Figure 5.12: Factors Considered Significant to CES Sustainability 
In order to evaluate the relative impact of each factor, CES personnel were 
requested to rate the proposed factors according to their perceived significance on 
CES sustainability. M with the rating ofCES services described in Section 5.4.2, 
unanswered questions were regarded as missing data. The question produced 
ordinal data, therefore the medians and ranges of the respective services were 
computed. The descriptive statistics are given in Appendix D4, and the results 
illustrated in Figure 5.13. 
It should be taken into account that these results are not conclusive, as the sample 
size consisted of only nine cases. Figure 5.13 indicates that all the proposed 
factors were generally considered to have a significant impact on CES 
sustainability. A comparison of Figures 5.12 and 5.13 shows a correspondence 
between adequate financial resources (SF2), management/strategic commitment 
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A further comparison can be made between Figures 5.12 and 5.13 and the themes 
emerging from the open-ended responses of institutional management, CES 
personnel and HTM experts in Tables 5.19 and 5.20. With the exception of the 
factors (i) legal framework (SF6) and (ii) logistic support (SF7), all the factors 
suggested by respondents in this section also are mentioned, thus signifying a 
stability of results. 
5.9.4 Suggested Sustainability Indicators 
Having identified CBS sustainability factors, CES personnel were requested to 
suggest indicators of sustain ability. Table 5.22 gives a list ofindicators proposed 
by respondents. 
Of the 'indicators' proposed in Table 5.22, most were a repetition of the 
sustainability factors mentioned in the previous question. Only indicators 9 - 11 
were quantifiable but were essentially indicators that had been suggested for 
measuring performance. 
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Suo ested Sustainability Indicators 
1. Adequate financial sup port. 
2. Sustainable, reliable management strategy. 
3. Sufficient h1llllan resources. 
4. Physical infrastructure. 
S. Recognition and support of mana gem en tis take holders. 
6. Updated training programmes. 
7. Policies to govern in-house CES's. 
8. Logistics support (admin system or asset management system). 
9. Cost of maintenance as % of replacement cost. 
10. Dlmaround time. 
11. Up-to-date scheduled inspections. 
Table 5.22: Suggested Sustain ability Indicators 
This indicated that either: 
• the previous question had led respondents into giving those responses 
(response bias), 
• the definition ofan indicator was misunderstood, 
• it is difficult to define or quantify sustainability indicators or 
• it is difficult to differentiate between performance indicators and 
sustainability indicators. 
5.10 MANAGEMENT TRENDS AFFECTING CES's 
Observations from the literature review indicated that CES's in recent years have 
been affected by international business management trends. One of the objectives 
of the questionnaire was to challenge these observations and to determine the 
extent to which these trends have affected CES's. Table 5.23 and Figure 5.14 
illustrate the results from QUEST2: Section 6. Detailed frequency tables are 
given in Appendix D5. It should be noted that responses shown are not only from 
a small sample, but are also predominantly from CES's in South Africa at tertiary 
healthcare facilities in the public sector, and therefore not conclusive. 
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I 
Figure 5.14 illustrates that, from the sample studied, CES's have been affected by 
Trends 1 - 4, with downsizing and outsourcing being the predominant themes. 
Respondents were further asked to elaborate on how these trends have affected 
their CES's. This question was left open-ended and the responses given are 
summarised in Table 5.24. 
·· · · ;'rjjjtiti···:)T"l-¢ridlTt¢haim~a~:rt~rid4l;f&idSmt~rid~'f~'d·i 
% CES not affected by trend 33 56 44 78 100 100 100 
% CES affected by trend 67 44 56 22 0 0 0 
TOTAL 100 100 100 100 100 100 100 
where: 
Trendl: Downsizing 
Trend2: Economic rationalisation 
Trend3: Outsourcing 




Table 5.23: Management Trends Affecting CES's 
TRENDS AFFECTING CES 












Trend 1 Trend2 Trend3 Trend4 
Trend 
TrendS TrendS 
Figure 5.14: Trends Affecting CES's (perceptions of CES Personnel) 
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Trend7 
0% CES not affected by trend 
• % CES affected by !fend) 
Effect of Manaoement Trends on CES's 
Downsizing 
1. Staff that resignedlretrenched not replaced - posts frozen and subsequently abolished. 
2. Need for staffrestrllcturing. 
3. Negative impact on CES 's ability to provide prompt, efficient and quality service. 
Economic Rationalisation 
4. Inadequate financial resources for IPM and repair. 
5. Inadequate equipment replacement budget - obsolete!oldlnon-fimctional equipment not 
replaced. 
6. Mismanagement of finances. 
7. Resignation oftechn.ical staff - joined private companies offering better packages. 
8. Poor service from CES, poor performance of medical equipment. 
Outsourcing 
9. All MEM&M and staff transferred to private companies. 
10. Makes up for lack of in -house service. 
Table 5.24: Effect of Management Trends on CES 
5.11 FACTORS IMPACTING ON CES PERFORMANCE/SuST AlNABlLITY 
In Chapter 4, sections 4.1.3 and 4.10.2, the editing and short-listing of the initial 
long list of indicators was described. Many of the items that did not meet the 
requirements of a valid indicator (e.g. not quantitative) were still considered to 
have an impact on the performance and sustainability of CBS's. In order to test 
this, items removed from the list of indicators were grouped under the heading of 
general factors specific to CES function and CBS personnel were asked to 
indicate whether the items had a significant impact on performance or 
sustainability. These items are described in Table 5.25 and results of the survey 
illustrated in Table 5.26 and Figure 5.15. Detailed frequency tables can be found 
in Appendix D6 . 
........... " ":. ,. . .. 
~::; : . :: : .. Gener~le.ES · pef(ol:rilan¢¢f$~#4~apmtYJ?il.¢tQt~ 
Fl. Presence of hospital-wide risk and safety management programme, specific to medical 
equipment 
F2. Presence of hospital-wide quality assurance programme, specific to medical equipment 
F3. Presence of a hazard non lcation system 
F4. Presence of incident investi ation and reporting stem 
F5. Adequate munber of test equipment properly calibrated and fimctional per test 
equipment type 
F6. Adequate spare parts on site for common repairs 
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F7. Availability of regular medical equipment training/re-training programmes 
F8. Availability of service manuals (from manufacturers) for aU equipment 
serviced/maintained/repaired 
F9. Availability of operator/user manuals or instructions for all medical equipment 
FlO. Availability of hospital-wide equipment inventory/asset register using consistent 
nomenclature 
FIC Availability of computerised and updated CBS medical equipment inventory (including 
supported medical equipment, test equipment and spares) based on inventory of 
equipment supported (service, maintenance, user-related malfunctions) incidents) using 
consistent nomenc1ature 
F12. Management decisions (relating to needs assessment, procurement, decommissioning 
and replacement planning) based on inventory and CBS equipment service rustories 
F13. Client satisfaction surveys performed 
F14. Level of participation and communication by CBS with stakeholders (i.e. hospital 
management, clinical staff, manufucturers/suppJiers) 
FIS. Accessibility ofCES personnel outside normal working hours 1 
F16. Presence of criteria for inclusion or exclusion of medical devices/equipment into equip 
I management programme 
FI7 Presence of continuous quality improvement programme I 
Table 5.25: General CES Performance and Sustainability Factors 
0r;'jtf: : - : 1~ 'RS ' F9·. 
% No 22 II 22 22 11 II I I I I I I 
% Yes 56 78 44 44 67 89 78 89 78 
% No Answer 22 11 33 33 22 0 I I 0 I I 
TOTAL 100 100 100 100 100 100 100 100 100 
iiAcJfORCY.; '. ";,. FIO/ :.!£tt ,l1'I,i; ;Ft:r IFiAY; ',ruS." ~Fi~' ; ' c)il1 . 
%No II II 
% Yes 67 78 
% No Answer 22 II 

























Table 5.26: Percentages of Responses on Fadors Impacting on Performance / Sustainabilily 
Figure 5.15 illustrates that, while all these factors are considered to have an 
impact on CES perfonnance and sustainability, certain factors have a more 
significant impact than others. Of particular significance are (i) adequate spare 
parts and (ii) availability of service manuals, followed by (iii) presence of a 
Quality Assurance programme, (iv) regular medical equipment training (and 
re-training), (v) availability of user manuals, (vi) availability of 
computerised and updated CES medical equipment inventory and (vii) 
stakeholder participation, which has been mentioned under sustainability 
factors. 
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FACTORS IMPACTING CES PERFORMANCE AND SUSTAINABIUTY 
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Figu re 5.15: Percentages of Responses on Factors Impacting on PerformanceJSustainability 
5.12 PART 2: CLINICAL ENGINEERING SERVICE INDICATORS 
The main objective of the study was to develop a set of comprehensive key 
indicators to describe the performance of clinical engineering, which can be used 
in assessing their sustainability. The methodology chapter describes the process 
involved in constructing a list ofCES indicators, which respondents were required 
to rate (on a scale of 1- 5) according to their perceived importance, or 0 if 
uncertain. Table 5.27 lists the proposed indicators, as described in the section 
4.10.2 of the methodology. 
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of personnel (i.e. engineers, 
conducted in accordance with manufacturer's recorrunendations, as 
in service manuals 
33 of proper all work 
providing strategic and operational evidence relating to safety, cost-effectiveness, 
needs etc 
Table 5.27: Final Jndicator Shortlisl 
As the data produced was ordinal, medians and ranges were computed. Indicators 
rated as 0 were excluded from the analysis. Detailed descriptive statistics Ii-om all 
four groups can be found in Appendix D7 and the results illustrated in Figure 
5.16. 
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The graph shows that most of the indicators proposed were considered to be 
important as they tended to be rated in the upper two extremes (or else 0 if 
respondents were uncertain). This can be explained by the fact that the list had 
already been short-listed according to the criteria described in the methodology. 
An added factor, of course, was the relatively small sample size of n = 30. 
Seven indicators, however, were found to be essential to the clinical engineering 
function, all scoring a median of 5. These are listed in order of increasing range 
(i.e. maximum rating - minimum rating) shown in Appendix 07, as follows: 
1. cost of in-house service vs. cost of outsourced service per equipment 
type (indic_22); 
11. response time to service requests (indic _ 24) 
111. inability to perform clinical procedures or extension of patient stay due 
to medical equipment malfunction (indic_l); 
IV. competencies/skills ofCES personnel (indic_8); 
v. patient (or operator) injury due to medical equipment malfunction or 
unavailability (indic_2); 
VI. patient (or) operator injury due to medical equipment misapplication 
(indic_3); 
VII. allocated CES budget per year as a percentage of supported equipment 
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Figure 5.16: Composite Indicator Ratings: Medians and Ranges (indicators as listed in Table 
5.27) 
Also considered to be of very high importance, with a median of 4.5, was 
VIII. evidence of proper documentation of all work done by CES, providing 
strategic and operational evidence relating to safety, cost-effectiveness, 
replacement needs, etc (indic _ 33). 
Three more indicators that were considered important, scoring a median rating of 
4 with a relatively low range of2, were 
IX productivity (indic_7) 
x. downtime ofeguipment due to IPMs or repairs (indic_27) 
Xl. percentage of repeat repairs (in die _ 31). 
A comparison of the rated indicators against Table 5.17, shows a conespondence 
between performance indicators suggested by respondents and indic _7, indic _18, 
indic_24, indic_27 and indic_31, respectively. 
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As with the ratings of CES services, the number of cases (n) was too small to 
compute cross-tabulations between target groups and indicator ratings. However, 
Figure 5.17 gives a graphical illustration ofthese differences. Detailed descriptive 
statistics can be found in Appendix D8. 
A companson between the first three target groups shows that institutional 
management's and CES client's opinions on essential indicators were basically 
those identified from the combined analysis. Differences can be seen between 
institutional management and CES personnel respectively, versus CES clients, 
who considered degree of compliance that has been achieved with the 
established schedule for routine IPMs/repairs (indic_28) to be an essential 
indicator. CES personnel and clients also considered IPMs/repairs conducted in 
accordance with manufacturer's recommendations (indic_32) to be essential. 
This can be explained that the two groups have direct contact with the medical 
equipment, unlike institutional management. 
Further differences in opinion can be seen between CES personnel and the other 
two groups. CES personnel considered the following indicators to be essential: 
1. number of equipment malfunctions caused by user error/misuse or 
abuse (indic_ 4) 
11. salaries and career paths of CES technical staff VS. other healthcare 
workers (indic _16) 
111. salaries and career paths ofCES technical staffvs. similar employees 
in competing sector (public/private) (indic_17) 
IV. cost of CES support as a percentage of capital cost of supported 
medical equipment, per equipment type (indic_21). 
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Figure 5.17: Indicator Ratings for the Separate Groups (see Appendix D8) 
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Chapter 5 presented results from the questionnaires distributed to the target 
groups. The following chapter collates these results and discusses them in context 
of the objectives of the research and the relevant literature. 
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The questionnaires designed for this study produced a substantial amount of 
information regarding the Clinical Engineering Service function and general 
opinions of relevant stakeholders. An examination of the results presented in the 
preceding chapter reveals a fair number of recuni.ng themes emerging from the 
different questions. This chapter draws these themes together and thus illustrates 
the significant findings of the study - particularly in the context of the literature 
review. The chapter subsequently evaluates the questionnaires themselves and 
discusses their effectiveness in meeting the research objectives. Finally, the 
limitations and delimitations of the study are presented. 
6.1 REVISITING THE OBJECTIVES OF THE QUESTIONNAIRES 
Phase One of the methodology (Section 3.5) defined objectives for the 
questionnaires, which were to be used in developing suitable measures for the 
perfOlmance and sustainability of clinical engineering departments. 
It should be noted that it was not an objective of the questionnaire(s) to measure 
the performance and sustainability of clinical engineering departments. The aim 
was to develop the measures to be used, by drawing on the professional opinions 
of clinical engineering personnel, their clients, employers, international HTM 
experts and representatives of Departments of Health. 
6.2 SIGNIFICANT FINDINGS FROM THE SURVEY 
Specific findings from each section of the questionnaires were presented in the 
preceding chapter. The following section draws together common themes arising 
from the analysis of the questionnaire and discusses them in light of the research 
objectives and literature. 
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6.2.1 Links between CES Mission and Function, Expectations of Stakeholders and 
the Impact of CES's on Healthcare Service Delivery 
Figure 6.1 shows how an appropriate mission statement and knowledge of client 
expectations, achieved via the provision of essential CES services, impact 
positively on the perfonnance of health care institutions. 
Although more than 50% of the respondents were not aware of the existence of a 
documented CES mission statement, analysis of various sections of the 
questionnaires revealed a common thread between proposed mission statements, 
expectations of stake holders and perceived CES 'quality of service'. Six dominant 
themes emerged, which are illustrated in Figure 6.1. Through a set of structured 
questions, the four target groups rated CES services according to their perceived 
importance to healthcare institutions. Six services - also illustrated in Figure 6.1 -
were found to be essential to the CES function. 
A comparison of the essential services against the aforementioned themes shows a 
definite correlation. For example, the first requirement, viz. playing a supportive 
role (to clinical staff and institutional management) in improving healthcare 
delivery, can be achieved through two CES services, namely (i) strategic 
technology assessment and planning and (ii) specification, evaluation and 
procurement. Similarly, IPMs, corrective maintenance and functional/calibration 
and safety checks help to ensure optimum perfonnance of medical equipment. 
Further questioning on the impact of CES's on healthcare servIce delivery 
revealed that - provided CES's have sufficient resources and are well-managed -
they play an important role by enhancing service delivery, which is highly 
dependent on functional medical equipment. In order to successfully enhance the 
healthcare function, CES's have to fulfil the requirements laid out by the mission 
statement and client expectations. 
Although 23% of the respondents felt that 'core' functions of healthcare are 
restricted to clinical service and patient care, 77% cited that medical equipment is 
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a vital component of the healthcare delivery package and thus the CES function 
can be considered as a 'core' health care service. 
A review of the literature shows that the conclusions derived from these questions 
support the views of Issakov (1994) and David (1993) on the role of clinical 
engineering in health care. According to Issakov, medical equipment represents an 
important investment for healthcare systems in any country. He further adds that 
the appropriate introduction and proper service, maintenance and use of this 
equipment are vital for efficient and cost-effective healthcare delivery - at all 
levels of the health system. David lists objectives of a well-managed clinical 
engineering programme, which include reducing operating costs, reducing risk 
exposure and meeting or exceeding standards of care. These correspond with the 
themes illustrated in Figure 6.1. 
In defining the inputs of an effective performance system, Chang and Morgan 
(2000) state that measures (or indicators) should be aligned with customer's needs 
and expectations, mission and strategy and the processes for achieving objectives 
and serving customers. These requirements are further supported by Brinkerhoff 
& Dressler (1990) and Christopher & Thor (1993). This first step to developing 
effective performance measures for the clinical engineering function is addressed 
by the first four objectives of the questionnaires, as listed in Section 6.1. These 
objectives are fulfilled by the results illustrated in Figure 6.1. 
6.2.2 Advantages of an In-house CES 
The literature review states that there have traditionally been three methods for 
providing medical equipment service, namely: (i) in-house or shared CES, (ii) 
suppliers/manufacturers and (iii) third-party operators. Institutional managements 
are constantly faced with the task of deciding upon the most appropriate service 
option for their healthcare facility. According to ECRl (1989) each service 





Mission statement fur CES 
Expectations ofstakeholders 
(institutional management and 
clients) 
Quality of service w.r.t. CES 
, 
, 




Achieved via i 
..-
Essen tial CES services I 
sufficient resources an.d well-managed 
Has a positive and important 
impact by enhancing health care 
service delivery, which is highly 
dependent on functional medical 
equipmenr 
1. Playa supportive (technical) role in 
improving healthcare delivery (via 
specification, strategic planning, 
procnrement, etc) 
2. Maintain optimum perfurmance of 
medical equip ment (rPMs, repairs, 
functional checks, llser-tI'dining etc.) 
3. Ensure safety of healthcare delivery w.r.t 
medical equipment 
4. Provide a cost-effective service 
5. Promp~ efficient and effective service 
6. Professional, sustainable and quality 
sexvice 
(i) Specification, evaluation and procurement 
of equipment (S3) 
(ii) Inspection and preventive maintenance 
(rPMs)(S I 4) 
(iii) Corrective maintenance (repair) (S 15) 
(iv) Functional or calibration checks (SI7) 
(v) Strategic technology needs assessment and 
planning (SI) 
(vi) Safety checks (S 12) 
there tOre CES is a 'core ' fun ction of 
1-- -----'1 healthcare service delivery 
Figure 6.1: Links between CES Mission and Function, Expectations of Stakeholders and 
Impact on Healthcare Service Delivery 
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With the recent trends in outsourcing threatening the existence of in-house CES's, 
the questionnaires sought to detennine the perceptions ofal! the target groups on 
the advantages and disadvantages of in-house CES's. This issue was addressed by 
two questions, (i) specifically for the advantages and disadvantages of in-house 
CES's over outsourcing and (ii) more subtly, the implications of not having an in-
house CES. Similar themes emerged from both questions, thus indicating a 
stability of results. These themes are summarised in Figure 6.2. 
These results corroborate with the advantages of in-house CES's specified by 
ECru (I989). These are, as stated in the literature review: (i) the immediate 
availability of the service, (ii) cost containment, (iii) the facilitation of other 
aspects of equipment support (e.g. user training) and (iv) the fact that in-house 
personnel can provide expertise on a broad range of equipment and technology 
management issues. 
CES personnel were also asked what impact their CES had on the perfonnance of 
their respective healthcare facilities and cited similar elements to those listed in 
Figure 6.2. The literature review states that while many CES's in the developed 
world were being closed in the mid- to late- 1990's, this situation is now reversing 
(Locke, 1998). The advantages of in-house CES's identified from this survey 
support reasons for the reversal of this trend. These results fulfil Objective 4 of 
the questionnaires, which sought to establish a general consensus on the 
importance of in-house CES's to healthcare institutions. 
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Issue 
Advantages of in-house CES 
Implications of no CES 
Positive impact on the 
perfonnance of health care 
service delivery 
Lack of 
Figure 6.2: Advantages ofIn-house CES 
1. Cost-effective 
2. Fast response times 
3. Availability and accessibility of service 
4. AccOlmtabilityand loyalty 
5. Knowledge of strategic direction and 
institutional needs 
6. Good comnnmication opportunities 
Results in 
6.2.3 Sustainability of Clinica I Engineering Services 
Having established that the function of an in-house clinical engineering service is 
important in supporting healthcare service delivery - with significant advantages 
over outsourced services - the questionnaires sought to identify institutional, 
organisational and socio-political factors that contribute to the sustainability of 
CES's. A comparison between (a) open-ended questions posed to institutional 
management, CES personnel and HTM experts against (b) a structured question 
posed only to CES personnel, listing health systems sustainability factors 










Suggested strategic elements 
forCES 
1. Adequate financial resources 
2. Adequate human resources 
3. Adequate physical infrastructure 
4. Institutional management / DoH 
awareness and commitment 
5. Stakeholder participation 
6. Performance ofCES technical staff 
7. Incentives/career structure 
8. Policy, mission, strategy 
9. Cost-effectiveness of in -house service 
Corres ond to 
Figure 6.3: Sustainability of Clinical Engineering Services 
While the majority of the 22 respondents (64%) were not aware of the existence 
of a strategic plan for their respective CES's, they were able to suggest suitable 
elements in such a plan. A comparison of these strategic elements with the 
sustainability factors indicated in Figure 6.3 shows a strong correlation between 
them. This suggests that the existence of an appropriate CES strategy, 
communicated to all relevant stakeholders, is an essential step in ensuring the 
sustainability of CES's. Once again this corresponds with the views of Chang & 
Morgan (2000) and Christopher (1993) concerning effective measurement 
systems, as described in Section 6.2.1. 
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6.2.4 Factors Hindering CES Sustainability 
While both the literature and this survey have shown that there are definite 
advantages of in-house CES's, many are still under the threat of closure. The 
questionnaires sought to determine the factors that contribute to this threat. The 
previous sub-section identified factors supporting the sustainability ofCES's. The 
various questions on both (a) factors hindering CES sustainability and (b) the 
disadvantages of in-house CES's, yielded results that were basically a negation of 
the support factors, which is to be expected. 
A further link was established between these hindering factors and reasons, cited 
by institutional management and CES clients, as to why their expectations of 
CES's were not met. This is illustrated in Figure 6.4 and indicates that the failings 
of in-house CES's, more often than not, originate at an institutional level or even 
at the level of policy makers and Departments of Health. This could simply be 
due to lack of awareness and understanding of the CES function, or due to lack of 
commitment and political will. 
These disadvantages and hindering factors were thus found to pull decision-
makers in the direction of certain management trends - and in particular 
outsourcing. While this study does not purport to establish the effects (whether 
positive or negative) of outsourcing CES functions, reasons given by CES 
personnel about the advantages of outsourcing were found to correspond with the 
themes presented in Figure 6.4. 
Gay (2000) lists benefits derived from outsourcing, which include: less need for 
capital investment, focus on core services, reduction in the headcount of the 
organisation and access to expertise - all of which are applicable to healthcare 
facilities and correspond to findings from this study. However, citing from the 
results of a major international study, the author subsequently states that 
outsourcing does not always achieve the anticipated benefits. Reasons for this 
vary, but include: an overall reduction in the quality of a function previously 
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managed in-house, failure to achieve expected cost reductions and failure to 
develop a true collaborative relationship with the service provider(s). 
Apart from outsourcing, the study revealed that CES's, from this sample, had 
been affected by downsizing and economic rationalisation - both of which were 
included in the list of management trends affecting CES's in recent years. It can 
be concluded that these trends were inflicted as a result of hindering factors 
identified in Figure 6.4. Equally, the introduction of these trends exacerbates the 
problems faced by CES's - resulting in a catch-22 situation. This suggests that 
cost-benefit analyses, as part of fOlmal option appraisal, would be useful in 
identifying those options that are beneficial to the healthcare system in the long-
run. As indicated in the literature review, long-tenn consequences of eradicating 
CES activities are often not taken into consideration. 
While data representative of the international situation was not realised, a review 
of sub-sections 6.2.3 and 6.2.4 indicates that Objectives 5 and 6 of the 
questionnaires have been met. 
6.2.5 CES Performance/Sustainability 'Enabling' Factors 
Sub-sections 6.2 .1 to 6.2.4 discuss the major findings of Part One - the qualitative 
section - of the questionnaires. Although there are significant advantages of in-
house CES 's, and the results indicate that they are generally perceived as playing 
an imp0I1ant role in healthcare service delivery - the sustainability of CES's is 
still being threatened. 
The development of Part Two of the survey, as described in the methodology 
chapter, describes the criteria for including proposed indicators into the final list 
presented in the questionnaires. It further mentions that suggested indicators , 
collated from the literature review and current practice, that did not fulfil the 
requirements of valid indicators (Neely et at.) were either discarded, or if 
considered relevant to CES perfonnance and sustainability, incorporated into a 
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list of 'enabling' factors. The tenn 'enabling' is used to describe factors, specific 
to the CES function, that support the indicators identified 
Issue 
r----------------- -------------------
Factors hindering CBS sustainability 
Disadvantages of in-house CES 
Reasons institutional management / 
client expectations are not met 
Leading to 












Figure 6,4: Factors Hindering CES Sustain ability 
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Lack of financial resourceslbudget 
constraints 
Lack of human resources/technical 
expertise 
Lack of physical infrastructure 
Poor strategic management and pJanning 
Lack of incentives II ow salaries leading to 
poor motivation of staff 
Lack of specialised knowledge 
Lack of institutional management 
awareness/commitment or political will 
Management trends/private market 
expansion 
Liability for medical equipment-related 
injuries or death 
Management trends: downsizing, 
economic rationalisation, outsourcing. 
Factors found to have a significant impact on CES performance and sustainability 
were: 
I. Adequate spare parts on site for common repairs. 
11. Availability of service manuals (from manufacturers) for all 
equipment serviced/maintained/repaired. 
111. Presence of a hospital-wide Quality Assurance programme, specific to 
medical equipment. 
IV. Availability of regular medical equipment training and re-training 
programmes (both to users and technical staff). 
v. Availability of operator/user manuals or instructions for all medical 
equipment. 
VI. Availability of computerised and updated CES medical equipment 
inventory. 
VII. Level of participation and communication by CES with stakeholders. 
Although the above factors do not fulfil the definition of an indicator per se, their 
presence or absence could have a profound effect on the performance or 
sustainability of an in-house clinical engineering service. 
6.2.6 CES Performance Indicators 
According to WHO (1998) there is a need to define the role of physical 
infrastructure and technology - closely related to the CES function - in the 
development of sustainab Ie health systems. This entails providing quantitative 
evidence ofCES's impact on performance of health systems and services in terms 
of access, quality, cost-effectiveness, organisational effectiveness and health 
outcomes. Drawing on the literature and results of the survey, there is thus a need 
to identify critical and universal perfOlmance indicators for CES 's in order to: 
• develop measures to assess performance and enhance internal quality 
improvement efforts; 
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• generate performance information to assist client and institutional 
management decision-making; 
• benchmark performance or quality against other CBS's and competition, 
and 
• justify the existence of in-house clinical engineering services. 
The development of a methodology to identify CBS performance indicators 
should be translated into a practical guide for decision-making. 
The literature review (section 2.9) describes the criteria and components required 
to develop an effective performance measurement system. These have been tried 
and tested in various disciplines and are considered essential for the survival of 
organisations. They are also of great benefit in effective management of change. 
According to Autio & Morris (1995), clinical engineering services are no 
exception to this rule. Although quality assurance/performance indicators have 
been suggested for CBS's , a systematic methodology for identifying essential and 
standardised indicators has not been developed. 
Such a framework - drawing on the various methods described in the literature -
has been developed and is illustrated in Figure 6.5. The various components of 
this framework have been addressed in the preceding sections. The methodology 
entails (i) identifying basic mission and strategic elements of CBS's; (ii) 
establishing client expectations and perceptions; and (iii) identifying the major 
functions of the CBS, plus the services that fulfil the mission and client 
expectations. These are integrated and used to identify/develop essential CBS 
perfonnance indicators, taking into account the various factors that impact on 
them. The indicators identified can be used to assess CES performance, contribute 
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Figure 6.5: Framework for Developing CES Performance and Sustain ability Indicators 
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The methodology chapter describes the process involved in short-listing the final 
list of indicators presented to respondents in the questionnaires. Analysis of Part 
Two of the survey revealed that the sample considered most of the proposed 
indicators to be important. However a group of 7 essential indicators was 
identified, plus 4 indicators ofvery high importance. 
The essential indicators identified by all four target groups were: 
1. cost of in-house service vs. cost of outsourced service per equipment 
type 
11. response time to service requests 
111. inability to perfonn clinical procedures or extension of patient stay 
due to medical equipment malfunction (% of total no. clinical 
procedures) 
IV. competencies/skills ofCES personnel (assessed via level of education 
& evidence of continuing education) 
v. patient (or operator) injury due to medical equipment malfunction or 
unavailability (number of incidents) 
VI. patient (or) operator injury due to medical equipment misapplication 
VII. allocated CES budget per year as a percentage of supported equipment 
inventory value 
plus the following very important indicator: 
VIII. evidence of proper documentation of all work done by CES, providing 
strategic and operational evidence relating to safety, cost-
effectiveness, replacement needs, etc. 
Three more indicators that were considered important, scoring a median rating of 
4 with a relatively low range 0[2, were: 
IX. productivity 
x. downtime of equipment due to IPMs or repairs 
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Xl. percentage of repeat repairs. 
These three indicators, plus the essential indicator 'response time to service 
requests', fonned part of the list of indicators suggested by respondents in Part 
One ofthe questionnaires. 
Detennining the correlation between the listed indicators and the vanous 
components of the framework, illustrated in Figure 6.5, is beyond the scope of 
this study. However, a comparison of each of the eleven indicators against the 
themes identified in Figure 6.1 and Figure 6.2 shows a correspondence between 
them. Two examples illustrate this: 
1. The indicator 'cost of in-house service vs. cost of outsourced service, per 
equipment type' is a measure of the 'cost-effectiveness' of the essential 
services, specified by the suggested mission statement elements and the 
expectations of stakeholders. These are supported by factors such as 
'adequate financial resources' and 'adequate spare parts'. 
2. The indicator 'inability to perfonn clinical procedures or extension of 
patient stay due to medical equipment malfunction' measures the CBS's 
ability to 'play a supportive (technical) role in improving healthcare 
delivery', by such services as 'IPMs and functional/calibration checks'. 
Factors supporting this include: 'stakeholder p31ticipation/ 
communication', 'adequate hwnan resources' and 'availability of user 
manuals'. 
Comparisons between the ratings of the individual groups showed some 
differences in opinion. Of particular interest were indicators that CBS personnel 
found to be essential. These were: 
1. number of equipment malfunctions caused by user error/misuse or 
abuse 
II. salaries and career paths of CBS technical staff vs. other healthcare 
workers 
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Ill. salaries and career paths of CES technical staffvs. similar employees 
in competing sector (public/private) 
IV. cost of CES support as a percentage of capital cost of supported 
medical equipment, per equipment type. 
These indicators correspond with earlierresults (section 5.9) indicating the factors 
supporting/hindering CES sustainability (e.g. lack of incentives/low salaries 
leading to poor motivation ofstaft). 
Objective 7 of the questionnaire was to develop a set of standardised key 
indicators to be used in assessing Clinical Engineering Services. Although results 
from this section are not universal, they reflect the needs of the sample and health 
facilities studied. The framework can thus be extended to the international 
community to establish standardised indicators and thus fulfil this objective. 
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6.3 EVALUATION OF THE QUESTIONNAIRES 
Phase One of the methodology describes the rationale behind using a survey -
specifically self-administered questionnaires - to answer the research question. 
Specific objectives for the questionnaire(s) were defined and target respondents 
identified, namely, (i) institutional management, (ii) CBS personnel, (iii) CBS 
clients and (iv) HTM experts and representatives of Departments of Health. A 
preliminary questionnaire was developed and administered to a small sample of 
respondents, consisting of all groups except CBS clients. Although the topics 
addressed in this questionnaire were found to be relevant, the instrument was 
found to be ineffective. 
Phase Two of the methodology describes the process of developing the final 
instrument, which consisted of four different questionnaires, targeted at each of 
the respondent categories. The previous chapter describes the results obtained 
from these questionnaires, while the preceding section discusses them in the 
context ofthe objectives and the literature review. While the questionnaires were 
successful in meeting their objectives, their effectiveness as a valid instrument 
needs to be assessed. 
6.3.1 Length of the Questionnaires 
While all efforts were made to reduce the length ofthe questionnaires - following 
comments from the preliminary questionnaire and analysis of responses from the 
tlial 'pilot' run - all the questionnaires were considerably long. This was probably 
a major contributor towards the - especially from respondents outside South 
Africa. A contributing factor to the length of Part One was the repetition of some 
questions (by rephrasing), in an effort to test the reliability and validity of 
responses. Having established general stability in the answers provided by 
respondents, redundant questions could be eliminated from the questionnaires. 
The cover letter (as well as instructions at the beginning of each section) specified 
that respondents had the option of omitting questions that they were unable to 
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answer in the qualitative section. This resulted in a fair amount of item non-
response in Part One. However - as requested in the cover letter and instructions 
to Part Two - generally respondents rated all the indicators listed. This was 
supported by the fact that there was an 'I don't know' option included. The 
inclusion of this option was deemed necessary because some indicators were 
more specific to one target group and not the others. 
Expert consultation suggested that the 2-page cover letter in itselfwas too long, as 
respondents were forced to read through a substantial amount of background text, 
before specific reference to the questionnaires was given. The cover letter was 
subsequently reduced to a single page, with the contextual background being 
added as an Appendix. The revised letter can be found in Appendix E. 
CBS personnel were found to be the most reluctant to answer questionnaires or to 
provide answers to the open-ended questions. Whether this was a function of 
questionnaire length (the CES personnel questionnaire was the longest) or lack of 
motivation due to factors hindering CES sustainability as indicated earlier (e.g. 
lack of human resources, lack of incentives and institutional management 
commitment) should be established. 
Specific methods for increasing the response rate, e.g. providing incentives or 
constant reminders, were not used due to logistical reasons and time constraints. 
However, the thirty responses received were considered to be sufficient for a pilot 
study and testing the framework. 
6.3.2 Instrumentation Bias 
A fair amount of item non-response from the structured questions in Part One 
revealed some patterns, which suggested some level of instrumentation bias l . The 
following problems were encountered: 




a. Service Provided by Clinical Engineering Service 
This topic was addressed in QUEST1: Section 3.1, QUEST2: Section 3.1 
and QUEST3: Section 2.1. 
In sub-section 3.1 a) respondents were asked, to the best of their knowledge, 
which medical equipment maintenance and management services their CES's 
provided. A 29% item non-response, specifically from institutional 
management and CES clients, suggested that these two groups were not fully 
aware of the services provided by their respective CES's, and therefore could 
not answer the question. Thus, the results obtained from this question did not 
reflect a true picture of the spectrum of CES services provided, but 
perceptions of the services provided. This could have been rectified only by 
analysing the results of CES personnel. However, lack of stakeholder 
awareness/ commitment was cited as being an important factor hindering CES 
sustainability, suggesting that in-house CES's have to market their services 
more effectively. 
Su b-section 3.1 b) required respondents to rate all the CES services listed, 
according to their perceived importance to their healthcare facility. 39% of 
respondents - particularly CES personnel - only rated services that were 
offered by their CES's. This suggested that either the instructions were 
misunderstood, or it was an onerous task to answer two separate questions on 
the same table. Services not rated were treated as missing data in the analysis, 
using the STATISTICA (version 5.5) option of 'pairwise deletion of missing 
data,2, as opposed to excluding all cases with missing data ('casewise deletion 
of missing data'). To rectify this, all the services could have been listed again 
for part b) of this section, or the layout could be modified - as shown in the 
revised electronic version ofthe questionnaires (Appendix E). 
2 Pairwise deletion of missing data: When this option is selected, cases are excluded from any 
calculations involving variables for which they have missing data. All valid data points are included in 
the analyses for the respective variables (resulting possibly in unequal valid n per variable). 
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b. General CES Performance/Sustainability Factors 
This question, asked of CBS personnel in QUEST2: Section 7, required 
respondents to indicate whether a) the factors listed were available at their 
institution and b) they believed each factor had a significant impact on the 
performance and sustainability of their CBS. For each sub-section, 
respondents were required to tick either Yes or No. A 21 % item non-response 
indicated the need for an 'I don't know' option. 
c. Part 2: Rating of CES Performance and Sustain ability Indicators 
This section, asked of all respondents, was generally answered correctly, with 
20% of respondents (particularly institutional management and CBS clients) 
selecting the 'I don't know' (0) option for indicators they were not sure of 
This was to be expected, as some indicators were more relevant to some 
groups and not the others. 
A comment made by one of the respondents speci tied the need to redefine 
some of the indicators, as it was unclear how they were to be quantified. An 
example of this would be to state that 'inability to perform clinical procedures 
or extension of patient stay due to medical equipment malfunction' is 
expressed as a nonnalised percentage of total clinical procedures per 
equipment type. 
d. Wording of Qualitative Questions 
While most of the open-ended questions were basically understood and 
relevant answers were provided, three questions were amended, following 
expert consultation. All amendments can be found in the revised 
questionnaires (Appendix E). 
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1. Section 2 in QUEST1, QUEST2 and QUEST4, requested respondents 
to suggest 'appropriate elements in a CES strategic plan'. This was 
changed to appropriate objectives, for clarity. 
2. QUEST1: Section 4.1.3, QUEST2: Section 4.1, QUEST3: Section 
2.2.3 and QUEST4: Section 4a asked respondents about their opinions 
on the impact of CES services on clinical procedures specifically, or on 
healthcare selvice delivery generally, in their respective institutions. 
This was identified as a double-barrelled question i.e. it addressed more 
than one issue. This was amended by splitting it into two sections i.e. the 
impact of CES services on a) clinical procedures and b) healthcare 
service delivery in the respective institutions. 
3. Institutional management, CES personnel and HTM experts/ 
representatives of DoH were asked for the institutional, organisational 
and environmental factors that suppOltihinder CES sustainability. There 
was a need to define the specific type of 'environmental' factors being 
addressed. This was amended to 'socio-political environmental' factors. 
6.3.3 Response Bias 
Apart from the forms of bias specified in the preceding section, one question in 
QUEST2 showed evidence ofresponse bias3. Section 5.3c) requested respondents 
to suggest indicators of sustainability. As indicated in the results chapter, most of 
the suggested 'indicators' were a repetition of the sustainability factors 
mentioned in the previous section. The remaining indicators had been suggested 
in an earlier question on performance measures. This indicates that either 
• the previous question had led respondents into responding in a certain way 
(mental set4 response bias) 
• it is difficult to define or quantify sustainability indicators 
• it is difficult to differentiate performance indicators and sustainability 
indicators. 
3 Response bias: Error due to mentality or predispositions of the respondents (Alreck & Settle, 1995). 
4 Mental set bias: Cognitions or perceptions based on previous items influence response to later ones 
(Alreck & Settle, 1995) 
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While the first option is definitely a valid reason for responses to this question, 
the latter two options support the framework presented in Figure 6.5 which 
indicates that the development of performance indicators can be used to assess 
CES sustainability. 
6.3.4 Reliability and Validity 
Due to the exploratory and qualitative nature of the questionnaires, statistical 
measures (e.g. correlation coefficient) of reliabilit/ and validitl could not be 
petformed. However, the questionnaires were assessed according to the 
'qualitative' definitions of reliability and validity. 
a. Reliability 
There are vanous methods for evaluating the reliability of an instrument. 
These include the test-retest method7 and the equivalentialtemate-fOlID 
method8. Due to time constraints and expected respondent burden (associated 
with having to fill in the same questionnaire twice), the test-retest method 
could not be used for this study. The equivalent-form method was therefore 
used as a measure of reliability. 
As mentioned previously, certain questions were designed to measure the 
same concept, but were phrased differently. Examples of this are 'advantages 
of in-house CES over outsourcing' vs. 'implications of no in-house CES, i.e. 
outsourcing all equipment maintenance and management'. As illustrated in 
Figure 2, similar themes emerged from both questions. Similarly, results from 
the question on 'institutional, organisational and environmental factors 
5 Reliability: The degree to which measures are free from error and therefore yield consistent results, i.e. 
consistency through repeatability (Zikmund, 2000) 
6 Validity: The ability ofa scale or measuring instrument to measure what is intended to be measured. 
7 Test-retest method: The administering of the same scale or measure to the same respondents at two 
separate points in time in order to test for reproducibility. 
8 Equivalent-form method: A method that measures the correlation between alternative instruments, 
designed to be a equivalent as possible, administered to the same group. 
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supporting CBS sustainability' in QUESTl, QUEST2 and QUEST4 were 
found to be consistent with the sustainability factors listed in a later section in 
QUEST2 (Figure 3). Responses to these questions were also found to be the 
converse of 'factors hindering CBS sustainabiIity, indicating a stability of 
responses (Figure 4). 
b. Validity 
Reliability is a necessary condition for validity, but a reliable instrument may 
not be valid (Zikmund, 2000). The accuracy of the questionnaires, i.e. did they 
measure what they intended, needs to be assessed. As statistical measures of 
validity were beyond the scope of this study and there were no 'gold 
standards' to measure results against (concurrent9 validity), methods not 
quantified by statistics had to be used. The 'face' or 'content,lO validity ofthe 
instrument was therefore evaluated. 
Two sets of experts were consulted for their evaluation of the questionnaires 
viz. (i) research methodology / questionnaire design experts, from different 
fields (social science and engineering management) and (ii) experts 10 
Healthcare Technology Management. Respondents were also invited to 
provide comments on the questionnaires. With the exception of the various 
fonus of instrumentation and response bias mentioned previously, the 
questionnaires were generally found to be relevant to the challenges facing 
CBS's and easily understood. Analysis of the different questions showed that 
they not only provided relevant answers, but answers that were consistent with 
observations in the literature. Also, the similarities in answers provided by the 
different target groups (give or take their differences in perspective) showed 
stability of results. 
9 Concu rren t valid ity: A classification of criterion validity whereby a new measure correlates with a 
criterion measure taken at the same time (Zikmund, 2000). 
10 Content validity: Professional agreement that a scale logically appears to be accurately reflecting what 
was intended to be measured. 
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The validity of the scale used to rate CES seIVices and indicators would have 
to be evaluated statistically against the widely used 5-point scale of 
importance (very unimportant, unimportant, neutral, important, very 
important). However as mentioned in the summary of significant findings 
(section 6.2.6), results of these ratings were consistent with results from the 
qualitative sections of the questionnaires. 
Given the distribution of responses received, the preliminary results presented are 
not representative of the situation at an international level. However the 
instrument has been found to produce consistent results, with a significant level of 
validity, and can thus be applied in differing situations. 
6.4 LIMITATIONS AND DELIMITATIONS OF THE STUDY 
6.4.1 Limitations 
Certain limitations were imposed on the study. Due to time constraints, lack of 
participation of collaborators and potential respondents from the international 
community and low response rates from local health facilities, the focus and 
scope ofthe study had to change. 
The objectives of the ongomg study include 0) comparing the functions of 
specific CES's in differing regions and (ii) developing and testing indicators to 
describe performance and sustainability of CES's. Due to these limitations 
mentioned, the study thus became the development of a framework to fulfil the 
objectives of the larger project. A pilot study, using a small sample of 
respondents, was used to test this framework. 
The lack of participation from the international community further restricted the 
geographical scope of the study. Responses obtained were mostly from tertiary 
institutions within the Western Cape in South Africa - where questionnaires were 
hand-delivered and collected. As a result, comparisons between CES's in 
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differing regIOns or differing health facility types and sIzes could not be 
perfonned. 
The particularly low response rate from CES personnel limited the validity and 
ability to generalise questions probing into the current situation or functions oftbe 
CES's in the region. Most of the responses given by institutional management or 
CES clients were based on their perceptions or knowledge (which could be 
limited) of the CES function. 
6.4.2 Delimitations 
Certain delimitations were imposed - given the abovementioned factors and the 
fact that the study was highly qualitative in nature. 
• As mentioned in Phase One of the Methodology, due to the highly 
specialised nature of the CES function, random (probability) sampling 
procedures could not be carried out, thus limiting the level of statistical 
analyses that could be perfonned. 
• Descriptive statistics only were used for evaluation of the preliminary 
results 
• Measures of association between variables could not be carried out due to 
the limited number of cases. However, comparisons between the ratings 
and opinions ofthe different target groups were carried out. 
• QUEST4 was developed, but not widely distributed, as this group were 
least likely to know of specific institutional requirements. 
• The scope of research did not include non-traditional models of in-house 
service vs. outsourced services, e.g. rental companies and shared seJVices. 
The final objective of the larger project is to test the indicators developed to 
detennine to what extent common indicators can be used in comparing and 
assessing the performance and sustainability ofCES's in differing environments. 
Valid conclusions to this question could only be assessed using a longitudinal 
study - over a substantial amount of time. 
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6.5 ApPLICABILITY OF THE FRAMEWORK 
Figure 6.5 illustrates a framework designed to develop a standardised set of 
perfonnance indicators for in-house Clinical Engineering Services, which can be 
used by decision- and policy-makers to assess the perfOImance, quality and 
sustainability ofthese services. The fi'amework was developed using performance 
measurement techniques found in the management literature and which have been 
applied in valious fields, including other engineering disciplines. 
Due to certain limitations, including time constraints and lack ofparlicipation of 
targeted respondents, the fi'amework was tested primarily in the Western Cape, 
South Afiica However, a few responses from Namibia, Mozambique, the UK and 
the USA revealed a common thread of themes. Although advanced 
statistical techniques could not be used on this relatively small and regionally 
unrepresentative sample, simple comparisons between the different components -
i.e. CES mission and strategy, institutional management and client ex.pectations, 
and essential CES services - not only revealed similarities in themes, but also 
corresponded with the essential perfonnance indicators established. These were 
further supported by various factors pertinent to CES performance and 
sustainability. 
Qualitative reliability and validity tests identified a few problems, however the 
stability of results and correspondence of the different components, coupled with 
their consistency with international literature, suggests the framework can be 
applied at an international level. 
The study concentrated specifically on developing a framework for in-house 
clinical engineering services. Although the delimitations state that the scope of 
research did not include non-traditional models of in-house services vs. 
outsourced services e.g. rental companies and shared I regional resource centres, 
the fi'amework could be ex.tended to monitoring the performance of these services 
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In-house Clinical Engineering Services globally are under threat of downsizing or 
even closure and outsourcing to external service providers. There is therefore an 
ever-increasing need for in-house CES's to justify their existence by providing 
institutional management and policy-makers with quantitative evidence of their 
performance and value. 
Performance and quality indicators are frequently used in other fields as 
quantitative measures pointing towards sustainability. The business management 
literature provides a variety of methods for developing performance and quality 
indicators. However, despite the differing approaches to performance 
measurement, most state the importance of integrating three basic components 
into an effective performance measurement system, namely (i) mission and 
strategy of the business unit, (ii) expectations and perceptions of 
clients/stakeholders and (iii) processes/functions for achieving the objectives and 
serving clients. 
Clinical engineering literature reveals that few, if any, performance measurement 
systems exist and that there are presently no universally accepted standards for the 
field. A framework is thus needed to develop performance measurement systems 
specifically for clinical engineering. 
Such a framework was developed in this study, incorporating the methods 
suggested by the literature review. Four target groups were identified as being 
able to provide information relating to CES mission and strategy, client 
expectations and essential CES services. These groups were: (i) institutional 
management (including nursing management), (ii) CES management and 
personnel, (iii) CES clients and (iv) international healthcare technology 
management experts and representatives of national and provincial Ministries of 
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Health. They were also identified as having a direct impact on the existence of in-
house CES's - as well as most likely to benefit from the improvement of clinical 
engineering services in general. 
The use of self-administered questionnaires - specific to each target group - was 
found to be the most appropriate method of data collection, and four 
questionnaires were subsequently developed. Each consisted of a qualitative 
section containing primarily open-ended questions, establishing opinions on 
certain aspects of the CES function; as well as a uniform quantitative section, 
requiring all respondents to rate a set of proposed indicators. The questionnaires 
followed a cycle of testing and revision. They incorporated (in Part Ones) three 
elements described in the management literature, plus questions pertaining to 
perceptions on performance, sustainability, management trends affecting CES's 
and the importance of CES's to healthcare service delivery - specific to each 
target group. The indicators included in Part Two of all the questionnaires were 
derived from the healthcare technology management literature and current clinical 
engineering practice, and subsequently short-listed according to criteria derived 
from management literature. 
A pilot study was conducted by distributing questionnaires to the first three target 
groups, i.e. institutional management, CES personnel and CES clients. A high 
level of non-response led to data mostly being collated from the Western Cape in 
South Africa. Analysis of the responses yielded results that were consistent with 
the literature. The questionnaires provided basic elements of a CES mission and 
strategic plan, which correlated with both institutional management and client 
expectations and with perceptions of CES 'quality of service'. Essential CES 
services, specific to the sample, were established and included (i) specification, 
evaluation and procurement, (ii) inspection and preventive maintenance, (iii) 
corrective maintenance and (iv) safety checks. These were consistent with 
'core' CES functions described in the literature. Factors supporting and hindering 
CES sustainability were identified, which corresponded to factors proposed by the 
WHO and included adequate resources (financial, human, infrastructure) and 
institutional management/DoH awareness and commitment. General factors such 
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as adequate spare palts, availability of service manuals and presence of a Quality 
Assurance programme, were also found to impact on the perfonnance and 
sustainability ofCES 'So A general consensus was established that a well-managed 
in-house CES - with sufficient resources - has an important role to play in 
healthcare service delively. Reasons for this included cost-effectiveness, fast 
response time and CES awareness of the strategic direction and needs of their 
institutions. Finally a group of essential indicators was established, which 
included: (i) cost of in-house service vs. cost of outsourced service per 
equipment type, (ii) response time to service requests and (iii) inability to 
perform clinical procedures or extension of patient stay due to medical 
equipment malfunction. Once again, these indicators corresponded to 
requirements specified in the literature. Ofpalticular importance was the fact that 
simple compaIisons between the indicators identified and dominant themes 
emerging from analysis of data showed a definite level of correspondence. This 
supported the validity ofthe proposed framework. 
Reliability and validity tests on the questionnaires revealed some shortcomings; 
however general conespondence between different issues and consistency of 
results suggested that reliability and validity ofthis instrument could be increased 
with a few minor changes to the questionnaires. 
If extended to the intemational community and covering a larger sample, this 
methodology could therefore be used to establish standardised measures of 
performance which could subsequently be used to guide decision-makers into 
assessing the sustainability of in-house Clinical Engineering Services. 
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7.2 RECOMMENDATIONS FOR FURTHER WORK 
As mentioned in the introduction, the present study fOnTIS part of a larger project, 
the objectives of which are described in Chapter 1. Figure 7.1 gives a 
diagrammatic overview of the methodology required to fulfil the objectives ofthe 
project. 
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Figure 7.1: Recommendations for further work 
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It is aimed to let the project run as a self-sustaining, on-going process, reviewed 
periodically - e.g. every 6 months and lasting a further 3 years. 
The process includes: 
• Refming the questionnaires to eliminate all bias, and if possible, reduce 
the length. This could be done by discarding questions that were included 
to determine stability of responses and thus reliability and validity of 
responses. Also, once recurring themes appear, open-ended questions 
could be convelted to structured questions, thus reducing respondent (and 
analysis) burden. 
• Putting the revised questionnaires on the Sizanani 1 website as an 
alternative method of distributing the questionnaires. Paper and electronic 
versions would still be distributed to the international community and 
subsequent responses collated. 
• Analysing the data using appropriate statistical techniques, e.g. 
establishing correlation coefficients for measures of association. 
• Analysing data for region-specific, target-group-specific, health facility 
type and size, and sector-specific differences to establish whether global 
standardised indicators can be defined. 
• Developing, refining and validating (by making indicators available for 
critical analysis) indicators based on the analyses of data, 
• Testing and maintaining the indicators in differing environments over a 
specific peliod oftime, to determine their applicability. 
In addition an in-depth study carried out in the CES's selected as case studies 
would be needed to fulfil the objectives ofthe project as a whole. 
It is hoped that this should provide pertinent infOlmation to decision-makers, 
allowing them to assess performance of in-house CES's, allow CES management 
to compare their performance against other CES's and lead towards justifying the 
sustainability of Clinical Engineering Services. Ultimately, however, the aim is to 
I Website of the Healthcare Technology Management Programme at the University of Cape Town 
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make a positive contribution to improved quality, efficiency and effectiveness of 
healtbcare service deliveIY, leading towards improved healtb status of tbe 
populations served. 
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This questionnaire forms part of an MSc research project looking at 
Global Sustainability Indicators for Clinical Engineering 
Departments. In recognising new challenges to the field and a 
changing healthcare environment, it builds on the earlier survey 
conducted by Monique Frize. In addressing issues of sustainability, it 
complements the recent survey conducted by Maria Glouhova. 
Your time in completing this questionnaire and con11TIents in terms of 
how it could be improved would be greatly appreciated. Should you 
wish this questionnaire to be sent to you in electronic form, I would be 
happy to do so. 
Please note that the term clinical engineering department (eED) refers 
to any hospital-linked unit or structure (in either the public or private 
sector) involved in the nlanagement and/or maintenance of healthcare 
technology. 
If you are not head of a clinical engineering department or closely 
involved/familiar with one, your input would still be greatly appreciated. 
In this case, please complete the questionnaire to the extent that you can 
and nlark N/ A (not applicable) in the relevant places. 
Thanking you 
Rutendo Ngara 
Healthcare Technology Management (HTM) Programme 
Dept. of Biomedical Engineering 
Health Sciences Faculty 
University of Cape Town 
7925 Observatory 
South Africa 




QUESTIONNAIRE (draft) - Pilot Run 
1. DEMOGRAPIDC DATA 
1.1 Please complete the following: 
Name ..... ......... ... .. . .. ........ .... .. 
Position ............. . .... . . . . . . . . .. .. . . . . .... . . . .......... . . .. ... . . .... .. .... . ... . . . . ... . 
Email address. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . . . ............ .... ... .. . . 
Telephone ....................... ..... . .... Fax ...... .. .. ...... ...... . ..... . .. . .. . .... .. . 
Postal address. . . . . . . . . . . . . . . . . . . . . .. ... . .. . ......... . .. . . .. .. .. .... .. ..... . . . . . . .. .. .. . 
City. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. Country . .. . . .. . .... . ... .. . .. . . . . . . . .. . . . ... . 
1.2 a) What is the scope of service covered by your CED? (Please tick) 
A. Equipment management support unit at ministry level 0 
B. Provincial hospital with workshop 0 
C. District hospital (50 - 1 00 beds) with workshop 0 
D. Health unit (no workshop) 0 
b) What is the hospital type? (Please tick) 
A. Teaching hospital 0 
B. General hospital 0 
C. Government funded 0 
D. Community hospital 0 
E. Specialised hospital 0 
F. Other (please specify) 0 
c) What is the number of beds supported by the hospital? (Please tick) 
< 100 0 
751 - 1000 0 
100 - 250 0 
1001 - 2000 0 
251-500 0 501-750 0 
> 2000 0 (Please specify) ........ ... .. .. ... .. 
d) What is the number of devices supported by the CED? (Please tick) 
< 500 0 500 - 1000 0 1001 - 1500 0 
1501 - 2000 0 2001 - 3000 0 3001 - 4000 0 
4001 - 5000 0 > 5001 0 (Please specify) .. ... ,' . " .. ..... 
2. MISSION AND OBJECTIVES 
(Please refer to Appendix A of questionnaire for definitions) 
2.1 Does your department have a documented vision? Yes 0 No 0 
If'Yes' please specify ...... .... ..... ........................ .. ....... ...... ......... .... ......... .... ....... ... .. .. .. . 
A2 
2.2 Do you have a documented mission, defining the dimension and scope of responsibility of 
the CED? Yes 0 No 0 
If 'Yes', please specifY 
2.3 Does your depaJiment have documented stra tegic goals? Yes 0 No 0 
If 'Yes', please specifY ................... . ......... . 
2.4 What are the specific management values of the department? 
2.5 Does your depaJiment have specific obj ectives? Yes 0 No 0 
If 'Yes ' , what are the (management) objectives of your CED for next 5 years? 
.................... ..... ..... ........... . .. .. .... .... ...... ......... ... ..... ..... " .......... . 
2.6 Does the CED's mission and statement conform to the overall strategic plan of the hospital? 
(Please elaborate) 
3. SERVICE PROVIDED BY CED 
















Specification, evaluation and procurement of equipment 
Technology assessment 
Acceptance testing 
Risk and safety management 
Inspection, preventive maintenance and repair 
Quality assurance and improvement 
Asset/inventory management 
Equipment performance and cost management 
Equipment utilisation 
Training equipment users 
Research and development 
Review of equipment replacement needs 
Project management 
Facilities and plant management and maintenance 


















In evaluating current tasks, questions that can be asked of each activity: 
a) Are there laid down procedures and guidelines for each activity? 
b) Do these comply with national or institutional policy (if it exists)? 
c) How does the activity support the hospital's strategy? 
d) Who is the 'customer 'I 'client ' receiving the service? 
e) Has the 'customer' (hospital administration, users etc.) specified exactly what is 
needed? 
f) Do you feel that the need relating to each activity is being met? 
g) If not, in what respects is the service lacking? 
b) Do you have adequate resources for each activity, including appropriately? 
i) What additional resources would you require to provide an acceptable service? 
j) Is there another way of accomplishing the same result? 
k) Would it be more cost-effective to outsource any of the CED activities? 
3.2 For each activity performed by your department: 
a) Please rank according to performance (i.e. 1 = highest importance, 2 = next highest etc) 
b) Estimate the percentage bme spent by CED personnel on the activity 
c) Estimate the percentage of the allocated budget spent on the activity 
Activity a) b) % time c) % budget 
Rank 
Specification, evaluation, procurement 
Technology assessment 
Acceptance testing 
Risk and safety management 
I nspection, preventive maintenance and repair 
Quality assurance and improvement 
Asset/inventory management 
Equipment performance & cost management 
Equipment utilisation 
Training equipment users 
Research and development 
Review of equipment replacement needs 
Project management 
Facilities & plant management & maintenance 
Other (please specify) 
3.3 a) What proportion of inspection, preventive maintenance and repair is performed by the 
following service providers, across all equipment categories?: 
A In-house CED ... ................ ...... .... ... .. ... ..... .... ..... .. .. .. .... ... ............ ........ .... ... ........ ..... . 
B. Manufacturer ..... ... ........ .. .. ... ... ...... .... .... ....... ......... .... .... ... ............ ... ............. ..... ... . 
C. Third-party (shared servicelcommercial fum) .. ...... ......... .. .. .. .. .. .. .................. .. ... ... . .. 
D. Combination of above ............. ........ .... ....... ..... .. ..... .. ... ......... .. .. .. .. .... .. .................... .. 
A4 
I 
b) Do you have maintenance insurance (i.e. financial protection against high service 
costs)? Yes 0 No 0 
3.4 Do you have any additional comments on the service provided by your CED? 
4. EQUIPMENT MANAGEMENT 
4.1 
4.2 
Does your department have a computerised equipment management system? 
Yes 0 No 0 
Do you have an up-to-date database/documentation containing the following? (please 
tick): 
• Service provided/requested, including 0 
• equipment maintenance tasks 0 
• equipment management tasks 0 
• technology management tasks 0 
• repairs done 0 
• inspections performed 0 
• In-house labour, including 0 
• no of hours spent providing a particular service 0 
• associated labour rate 0 
• identification of the individual providing the service 0 
• Vendor labour, including 0 
• hours spent and rate 0 
• travel and zone charges 0 
• Parts list, including 0 
• part nwnber, description and cost 0 
• Budget allocation and use 0 
• Timeliness / time usage 0 
• Problem reported 0 
• Equipment identification and inventory 0 
• Complaints 0 
• User-related problems 0 
• Waste (resource not converted to useful product/output) 0 
• Other (please specify) .. ... 0 
. ,' " , . . ... .. , ', ... .. .. ... 0 
. . . .. . . . . . .. .. . . . ... ... .. ... ... . .. .. . . . . . . . ' . . .. . .. .. . . 0 
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5 PERFORMANCE FACTORS 
5.1 Does your CED have measures/programmes to evaluate the following: 
(Please refer to Appendix A for definitions) 
• Productivity Yes 0 No 0 . . . . . . . . . . . 
• Quality Yes 0 No 0 ........... 
• Timeliness Yes 0 No 0 . . . . . . . . . . . . . 
• Resource utilisation Yes 0 No 0 
• Cycle time Yes 0 No 0 . . . . . . . . . . . . . . 
• Outcome Yes 0 No 0 .................. 
If 'Yes' please specify. 
5.2 Does your CED do any of the following? 
• Measure performance against customers' expectations? Yes 
• Measure perfonnance against competition / other CEDs? Yes 
• Measure the relative importance of service dimensions and 
attributes? Yes 
• Use qualitative methods such as customer focus groups and 
direct observation? Yes 
• Conduct employee research Yes 
5.3 Does your CED experience/document any of the following?: 
• Inventory that is not utilised/needed? Yes 0 No 0 
• Staff without skills to use available resources Yes 0 No 0 
• Staff with skills that are not being used Yes 0 No 0 
• Inappropriate management strategy / delegation Yes 0 No 0 
• More quality than is necessary Yes 0 No 0 
• Meetings/reports that do not convey useful info Yes 0 No 0 
• Absenteeism Yes 0 No 0 
• Lengthy planning, budgeting processes Yes 0 No 0 
• Lengthy capital appropriation procedures Yes 0 No 0 
6. BUDGET AND COSTS 
. . . . . . . . . . . 
. . . . . . . . . . . 
0 No 0 
0 No 0 
0 No 0 
0 No 0 
0 No 0 
6.1 a) Is there adequate budget provision within the institution for the following? (Please tick) 
• Purchasing costs/ Capital equipment Yes 0 No 0 
• Operating costs Yes 0 No 0 
• Maintenance costs Yes 0 No 0 
• Staff costs (salaries and benefits) Yes 0 No 0 
• Transport and installation costs Yes 0 No 0 
• Costs of recording and evaluation data Yes 0 No 0 
• Training costs Yes 0 No 0 
• Costs of removal from service Yes 0 No 0 
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• Administrative and supply costs Yes 0 No 0 
• Parts and materials Yes 0 No 0 
• Services provided by external service sources Yes 0 No 0 
• Other (please specify) Yes 0 No 0 
b) Are there significant differences between the availability of funds for different types of 
technology? If so, please specify . 
......................................................................... ...... . .. . ............... . ............ . .. . ... . ...... . ......... 
........... . ....................... . ...... . .................. . ... . .................... . .. . .................. . ............ . ...... .... . .. 
.. ............................................ . ......................... .... . ..................................... . ......... . .......... 
.................................................. . ... . ...... . ..................................................... . ............ . ... . .. 
........................................ . ......... . ....... . .. . .... . ............................. ................ . ............ . ...... . .. 
6.2 Cost Analysis 
6.2.1 a) Does your CED have fonnal cost analysis procedures for the services provided? 
Yes 0 No 0 
b) If ' Yes' please specify? ........ .................................... ................... ................ .......... ... . 
6.2.2 Do you have documentation of the following: 
• Hourly labour rates Yes 0 No 0 
• Annual available labour hours/Employee Yes 0 No 0 
• Total fixed costs Yes 0 No 0 
• Chargeable hours Yes 0 No 0 
• Variable costs/hour Yes 0 No 0 
• Profits = Revenue - Expenses Yes 0 No 0 
• Service contract rates Yes 0 No 0 
(For evaluating hourly labour costs, cost-volume-profit relationships & pricing options) 
6.3 Cost-effectiveness (adaptedfrom AAMJ, 1993) 
6.3.1 a) Are there written policies and procedures regarding management 
of the cost-effectiveness of the clinical engineering program? Yes 0 No 0 
b) If 'Yes', are these policies and procedures reviewed periodically? Yes 0 No 0 
6.3.2 Is hospital administration provided with periodic reports on the cost 
and effectiveness of the department? Yes 0 No 0 
6.3.3 Are analyses conducted regularly to determine the appropriate balance 
between services provided by extemal vendors and the in-house CED ? Yes 0 No 0 
6.3.4 Is there documentation of the technical qualifications of the CED staff? Yes 0 No 0 
6.3.5 Is there a documented programme of continuing education for technical 
staID Yes 0 No 0 
6.3.6 Is there a po !icy requiring authorisation of (estimated) expensive repairs 
before the repair is made? Yes 0 No 0 
6.3.7 a) Is the in-house CED provided with adequate work and storage space, 
tools and test equipment, technical staff, office and clerical support, 
reference materials and financial resources? Yes 0 No 0 
b) If 'Yes' are these resources adequately utilised by the CED? Yes 0 No 0 
6.3.8 a)Have perfonnance indicators been defined for CED cost-effectiveness? Yes 0 No 0 
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b) If 'Yes', are these indicators routinely monitored? Yes 0 No 0 
6.3.9 Do you have any further comments on the cost-effectiveness of your/any CED? 
......... . ...................................... . ............ . ... . ... . ... . ...................... . ................ . ... . ................. 
.. . .......... . ...................... . ........... . ... . ... . ... . ... . ...................................... . ............................... 
. . ............................ . .................. . ... . . ... . ... . .................. . ..................................................... 
7 SUSTAINAB1LITY 
7.1 a) Do you see your CED surviving in the next 5,10 or 15 years? Yes 0 No 0 
7.2 
b) If' Yes' what are the institutional, organisational or environmental factors that would 
support its existence? 
If 'No' what are the institutional, organisational or environmental factors that would 
threaten its existence? 
a) Is/has your department (been) under the threat of closure? Yes 0 No 0 
b) If 'Yes', how could it be / was it avoided? 
7.3 Would you consider your CED as a 'core' function of your health care institution? 
Yes 0 No 0 
Why? ............................................................................................................................ . 
7.4 In your opinion, is your department well-accepted, recognised by: 
a) MedicaVnursing staff? Yes 0 No 0 
b) Hospital management/administration? Yes 0 No 0 
c) Other technical departments? Yes 0 No 0 
7.5 What factors enhance the sustainability ofCEDs? 
• Adequate physical resources 0 
• Adequate financial resources 0 
• Adequate human resources 0 
• Management/strategic commitment 0 
• Conducive environment 0 
• Legal framework (e.g. threat oflitigation) D 
• Logistics support D 
• Cultural considerations D 
• Stakeholder participation 0 
Please elaborate 
A8 
8 QUALITY ASSURANCE 
(Please refer to Appendix A for definitions) 
8.1 Does the department have a fonnal quality assurance (QA) programme? Yes 0 No 0 
If 'No ' are there any plans to establish one in the near future; or are you taking any steps 
toward improving quality? (Please elaborate) 
8.2 If 'Yes' please answer the following questions 
8.2.1 Does your QA programme address the following dimensions of quality? (Please tick) 
A. Technical competence 0 
B. Access to service 0 
C. Effectiveness 0 
D. Interpersonal relations 0 
E. Efficiency 0 
F. Continuity 0 
G.Safety 0 
H. Amenities 0 
8.2.2 Does your programme adhere to the following principles of QA: (Please tick) 
A. A focus on client needs? 
B. A focus on systems and processes? 




D. A focus on participation and teamwork in quality improvement? 0 
8.2.3 Does the programme use any of the following analytical tools to analyse 
problems/processes? 
A. System modelling 0 
B. Flowcharting 0 
C. Cause-and-effect analysis 0 
D. Force-field analysis 0 
E. Statistical tools 0 
F. Other (please specify) 0 
8.2.4 Are quality assurance resources available to employees? Yes 0 No 0 
8.3 a) Is your department accredited with an appropriate accreditation body (e.g. JCAHO?) 
Yes 0 No 0 
b) Do you feel that accreditation has a role in improving the quality of healthcare 
technology services? Yes 0 No 0 
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Please elaborate 
c) Is your CED IS09000 certified? Yes 0 No 0 
8.4 What steps are you taking or can be taken towards continuous quality improvement in CE? 
Please elaborate 
9 GENERAL 
9.1 Is your department housed in a public/private institution? (please circle) 
9.2 Are documented policies and procedures reviewed periodically, or as circumstances 
change? Yes 0 No 0 
9.3 a) Are the majority of your personnel certified/registered with appropriate certification or 
professional bodies? Yes 0 No 0 
b) Does your CED provide a personal achievement and growth ladder for the employees? 
Yes 0 No 0 
9.4 a) Has your department been affected by/experienced any of the following trends? 
(please tick) (Please refer to Appendix A for definitions) 
A Downsizing 0 
B. Economic rationalisation 0 
C. Outsourcing 0 
D. Total quality management 0 
E Benchmarking 0 
F. Re-engineering 0 
G. Accreditation 0 
H Globalisation 0 
[ Other (please specify) 0 ............. . 
b) Ifso, how? 
A10 
10 PERFORMANCE, COST-EFFECTIVENESS AND SUSTAIN ABILITY 
MEASURES 
10.1 What measures would you suggest that could be used to assess a) perfonnance 
b) sustainability c) cost-effectiveness of clinical engineering departments? 
10.2 Which of these measures are currently used in your CED? 
11 COMMENTS 





AI. Vision: where you see the department in the present and in the future 
A2. Mission: a statement defining the dimension and scope of responsibility of the 
CED i.e. what products and services, for what markets and customers will build 
the success of the particular department? 
A3. Goals: specific end results derived from the mission. Goals direct the department 
towards the future 
A4. Values: the philosophy of the kind of department that exists or aspires to be 
AS. Objectives: priorities 
A6. Customer: an individuaVorganisation who receives, uses or is impacted by a 
product. May be internal or external 
A7. Productivity: relationship between output and input ofa given process i.e. 
productivity is the ability to combine and convert inputs (labour, capital, 
materials and other resources) into outputs (goods and/or services) which 
satisfy market needs. 
AS. Quality: conformance to requirements (stated or implied). This includes internal 
measurements e.g. number of rejects; and external measures such as customer 
satisfaction rating. Alternatively, the degree of excellence of a product or service 
A9. Timeliness: assesses whether process takes place at time intended 
AIO. Resource utilisation: resources used versus resources available (e.g. hospital, 
equipment, in-house tools) 
All. Cycle time: amount of time to proceed from one defined point in process to 
another i.e. how long a process takes 
A12. Outcome: measures of the effects of the outputs of the system. Outputs often 
represent the various objectives of the system and may be used as intermediate 
indicators of sub-optimal performance by the system 
A13. Quality assurance: all the planned or systematic actions that are carried out to set 
standards and to monitor and improve performance so that the service provided is 
as effective and as safe as possible i.e. providing adequate confidence that a 
product or service will satisfy requirements for quality 
A14. System modelling: a means for diagramming how elements of a system relate to 
one another 
AIS. Flowcharting: a means of graphically representing the flow of a process. Can be 
used to identify redundancy and unnecessary complexity (among other things) 
A16. Cause-and-effect analysis (Fishbone or Tree diagram): a display of the factors 
that are thought to affect a particular output or outcome in a system 
A17. Force-field analysis: a systematic method for understanding competing forces that 
increase or decrease the likelihood of successfully implementing change 
AIS. Statistical/data presentation tools: a set of charts to display different types of 
data (e. g. run charts, control charts, histogram, scatter diagram) 
A19. Continuous Quality Improvement (CQI): an approach to improving and 
maintaining quality that emphasizes internally driven and relatively constant 
assessments of potential causes of quality defects, followed by action aimed either 
avoiding decrease in quality or else correcting it in an early stage 
A20. Certification: the procedure and action by a duly body of determining, verifying 
and allocating in writing to the quality of personnel, processes, procedures or items 
in accordance with applicable requirements 
A2l. Accreditation: certification by a duly recognised body of the facilities, capability, 
objectivity, competencies and integrity of an agency, service or operational group 
A12 
or individual to provide the specific service or operation needed 
A22. Downsizing: intended reductions of personnel 
A23. Economic rationalisation: 
A24. Outsourcing: using the services of a contractor rather than in-house staff to 
accomplish an activity 
A2S. Total Quality Management: management-led philosophy of continuous 
improvement in every process of planning, production and service - a way of 
managing to improve the effectiveness, efficiency, flexibility and competitiveness of 
the business as a whole 
A26. Benchmarking: the gathering of quantitative data, either physical or financial, to 
compare the perfOImance of different organisations in order to identify and 
understand elements of superior/world-class performance in a particular work 
process 
A27. Re-engineering: " ... changing processes, organisational structures, management 
style and behaviour, compensation and reward systems, as well as relationships 
with shareholders, customers, suppliers and other external partners. " (Kelada, 1996) 
A2S. Globalisation: geographical extension of economic activity across national 
boundaries AND the functional integration of such intemationally dispersed 
activities 
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COMPLETE LIST OF INDICATORS 
The following is a complete list of indicators sourced from the available literature and 






by the CED 
6. Percentage time spent doing technical work vs. administrative 
work 
7. Absenteeism! sick leave 
8. Job satisfaction! incentives 
2. Presence of hospital-wide safety frisk management 
ecific to medical ment 
3. Presence of hospital-wide quality assurance programme, 
specific to medical equipment 
4. Normalised number of routine checks of medical equipment 
(e.g. life support systems) proactively performed by CED, in 
different clinical d artments er unit time 
5. Positive contribution to equipment management activities (as 
listed in uestion 3.1 ab 
6. Percentage oftime devoted to consultation vs. IPMs vs. 
airs vs 0 th er 
==~==~ 




(IPMs) 5. Degree of compliance that has been achieved with the 
established schedule for 
routine erformance IPMs 









6. Spare Parts 
7. Risk-
~''''~d' med equipment 
3. 
4. Turnover factor - how often the parts kept in the inventory are 
used 
1. Percentage and type of outsourced equipment repairs checked 
in-house CES before to clinical environment 






1. Number of equipment malfunction user 
errors/misuse or abuse 
2. Frequency malfunctIOn caused by user 
errors/misuse e 
3. Frequency of simila( user errors on the same shift on the same 
4. Percentage user 
medical 
5. Percentage user errors/misuse associated with complex 
equipment i.e. equipment malfunction as a function of 
6. before m-house user-training vs. 
9.Documentation 2. 
as ed in service manuals 
3. Availability of service manuals (from manufacturers) for all 
4. to lack of necessary 
Presence 0 service histories, 
and operational evidence relating to safety, cost-effectiveness, 
7. Availability of operator/user manuals or instructions for all 
~lill!iEJ. J; ·TI···i· i'lillt5!~I ~. tm~~~~~.ic~a~I~~~~O~S~Jt~~,wlloe eq ui pment inventory / asset 
10. Information 
Systems 2. Availability ofupdated CES medical equipment inventory 
(including supported medical equipment, test equipment and 
spares) based on inventory of equipment supported (service, 






5. Management decisions (relating to needs assessment, 
procurement, decommissioning and replacement planning) 
based on and CES selVice histories 
6. Database on selVice provided by equipment supphers and third 




failure of user to 
3. Inability to perform clinical procedures due to medical 
4. 
5. Risk to user/operator relating to medIcal eqUipment uti 
or functio 
6. Number of reported hazardslincidents relating to medical 
1. 
B4 
I. Availability and use of management tools including guidelines, 
IS. General policies, computer-based decis ion support systems etc 
I 2. Regular con tact between service provider and client 
3. Level of participation and communication with stakeholders 
(i.e. hospital management, clinical staff, manufacturers/ 
suppliers etc) 
4. Level of interaction with equipment suppliers including third 
party service providers 
5. Proper management oreES budget allocation and 
di sbursement 
6. Salary levels ofeES technical staffvs. salary levels of other 
I 
health care employees 
7. Salary levels ofeES technical staffvs. similar employees in 
competing sector (public/private) 
8, Job security, career prospects and incentives for employees 
9. Existence and use of insti tutional/ 
10 organisational policies and guidelines for health care 
technology management 
11. Awareness and application of ins tit utionaV organisational 
policies and guidelines for medical equipment management 






UNIVERSITY OF CAPE TO\VN / GROOTE SCHUUR HOSPITAL 
Participating Centre in MRCIWHO C()llaborating Centrefor Essential Technologies in Health 
16 July 2001 
Dear 
Questionnaire: PERFORMANCE AND SUSTAINABILITY OF CLINICAL ENGINEERING SERVICES 
BACKGROUND 
This questionnaire aims to establish indicators for the perfonnance and sustainability of medical equipment 
management and maintenance * services, as part of cost-effective healthcare service delivery. Your time in 
completing this questionnaire and providing your valuable insights will be greatly appreciated. You will also 
contribute to improved healthcare technology management internationally by addressing, inter alia, the 
important issue of whether or not MEM&M services are a core function of health care delivery. 
* Units responsible for providing this service are known variously as Clinical Engineering Departments, 
Health Care Technical Services, Medical Physics Departments, Biomedical Technology / Engineering 
Services, Medical Apparatus / Equipment Workshops, etc. For the sake of clarity and consistency, we 
will use the term Clinical Engineering Service or CES. 
The general function of a Clinical Engineering Service is to provide a supportive role in the planning, needs 
assessment, evaluation, procurement, installation, utilisation and maintenance of medical equipment, defined 
as including all medical/surgical devices, equipment and instruments. However, the boundaries of these 
support roles are not clear and well-defmed, as what applies to one country or institution does not necessarily 
apply to another. Also, a clinical engineering service can range from one isolated but dedicated individual to 
a fully equipped department with professional and technical/artisan staff, supported by adequate 
technological and administrative infrastructures, to a shared regional/central resource centre. 
Alongside the change in scope and function of Clinical Engineering Services over the years, is the shift from 
being primarily task-driven to being more business-oriented and cost-justified. A further development has 
been the adoption (sometimes imposed) of various international trends in business and management, e.g. 
total quality management, benchmarking, re-engineering, outsourcing (of non-core business activities) and, 
most recently, IS09000 standard accreditation. As sustainability is often dependent on issues of cost-
effectiveness and relevance, and associated perceptions of institutional/organisational stakeholders, these 
considerations may threaten otherwise successful departments and/or services with closure. 
STATUS QUO 
The latest World Health Repore suggests four key functions of a health system, viz. service delivery, 
capacity building, fmancing and stewardship, and three key health system inputs, viz. human resources, 
capital investment (in physical assets such as buildings and equipment) and consurnables (including drugs). 
Many countries (and notably developing and emerging economies) are under-resourced in terms of what is 
needed for equitable service delivery of acceptable quality, as well as the management-level skills needed to 
maximise the impact of healthcare technologies on service delivery. Within this context healthcare 
technology management (HTM) practitioners and activities are being increasingly recognised for their 
contribution to health system perfonnance. There is thus an urgent need to (i) build HTM management 
capacity and (ii) develop effective HTM tools while at the same time (iii) developing indicators for HTM 
perfonnance and sustainability. 
pto ... 
1 The World Health Report 2000 - Health Systems: Improving Performance. World Health Organization, Geneva (2000) 
This questionnaire, which follows and complements previous work by Frize ( 1990) and Glouhova (l 999), 
focuses on the last-mentioned and specifically on the development of indicators for Clinical Engineering 
Services, be they situated within a health facility or a shared/ regional resource centre. These indicators will 
form qualitative and quantitative components of a tool for objective assessment and comparison of Clinical 
Engineering Services in different settings, as well as identifying pointers to perfonnance, cost-effectiveness 
and sustainability. This in turn will contribute to improved management of these services, with the overall 
aim of improving the performance and quality of healthcare delivery. 
QUESTIONNAIRE 
The questionnaire is being addressed to four key target groups: 
• Institutional/ health facility management (including nursing management) [QUEST]);
• Personnel (both managerial and technical) of CE Services/Departments [QUESTI];
• CB Service Clients, i.e. health workers in clinical departments providing healthcare services
[QUEST3] and
• Representatives of national and provincial ministries of health and international HTM experts
(including representatives of multilateral organisations and bilateral agencies, as well as technical
consultants) [QUEST4].
The questionnaiie is split into two parts: 
• Part 1 comprises mostly unstructured questions to gauge your general opinion about the CES in (or
serving) your institution. Please answer as much of this part as you are able to.
• Part 2 is structured, requiring you to rate a list of proposed jndicators, as well as adding any that you
feel would be appropriate. As this part is directly related to the main objective of the study, we
would appreciate it if you could answer all the questions.
Please note that all terms appearing in italics in the Questionnaire are defined in the Glossary (Appendix A). 
A selected bibliography is given in Appendix B. 
Your responses will be kept confidential and general statistics only will be published Should you wish to 
remain anonymous, you may do so; however an indication of your position or job description and country 
are needed for comparative purposes. We would be happy to provide you with a summary of the findings of 
this study and these should hopefully be of benefit to you and your institution. 
Please return the completed questionnaire to the address (or fax number) indicated below, by Fo'ffi1)t: 
!�tiµmliV Should you wish th.is questionnaire to be sent to you in electronic form, or should yo�-���d
any additional information, please let us know. 
Thank you for your co-operation. 
Yours sincerely 
Mladen Poluta Rutendo Ngara 
Healthcare Technology Management (HTM) Programme 
Groote Schuur Hospital/ Umversity of Cape Town & 





+27 21 406-6549 or 406 6545
+27 21 448 7226
rnte11do@connc1 ck. u ct. a c. zc1.
Dept. of Human Biology 
UCT Health Sciences Faculty 
AnzLo Road, Observatory 7925, SOUTH AFRICA 
Signatures Removed
A!. ACCREDITATION: certification by a duly recognised body of the facilities, capability, objectivity, 
competencies and integrity of an agency, operational group or individual to provide a service, usually 
specified in the fonn of standards. 
112. ASSET IlNVENTORY MANAGEMENT: Management of capital assets, including medical equipment, on the 
basis of asset registers (inventory). 
A3. BENCHMARKING: the gathering of quantitative data, either physical or financial, to compare the 
performance of different organisations in order to identify and understand elements of best practice / 
world-class performance in a particular work process. 
A4. CERTIFICATiON: the procedure and action by a duly appointed body of detennining, verifying and 
documenting the quality of personnel, processes, procedures or items in accordance with applicable 
requirements. 
AS. CES PERSONNEL: technical staff of a clinical engineering service. It is assumed that the CBS has 
administrative and clerical backup. 
A6. CLINICALENGINEERlNGSERVlCE: a service that provides a supportive role in the planning and 
development of facilities, technology and technical methods as they relate directly to healthcare 
delivery. In different environments CBS's can fall under different names, e.g. medical equipment 
workshop, medical physics department, biomedical technology service, health care technical service, 
etc. The service can range in scope from one dedicated but under-resourced individual to an entire 
department, situated within a health facility or elsewhere as a shared regional/central resource centre. 
A7. CORRECTIVE MAINTENANCE I REPAIR: Trouble shooting to isolate the cause of device malfunction and 
then replacement or subsequent adjustments of components or subsystems to restore normal function, 
safety, perfonnance and reliability (Bronzino, 1992). 
AS. COST OF OWNERSHIP: Cost of ownership encompasses all direct and indirect expenses associated with 
medical equipment over its lifetime. It includes acquisition costs, operation and maintenance costs (i.e. 
installation, supplies, training, spare parts, test equipment, transport, etc.) (David, 1993). 
A9. COST-EFFECTIVENESS: The cost of a technology or of altemative technologies, compared to the 
resultant benefits, with costs and benefits not expressed by the same unit. Costs are usually expressed 
in a currency (or equivalent) while benefits/effectiveness are expressed in terms such as lives saved, 
disability avoided, quality-adjusted life years saved, etc. 
A I O. CLIENT I CUSTOMER: an individual/group/organisation receiving, using or impacted by a product or service. 
A 11. DOWNSIZING: intended reduction of personnel in an organisation, often as a consequence of economic 
rationalisation. 
A12. DOWNTIME: time during which medical equipment is not available for its normal function (e.g. due to 
IPMs or repairs). 
A13. ECONOMIC RATIONALISATION: management decisions based almost purely on the (short-tenn) "bottom-line" 
often with little or no regard for the wider (longer tenn) consequences. 
A14. EFFICACY: Benefit of a technology achievable under ideal conditions. 
A [5. EFFECTIVENESS: Benefit of a technology achievable under average conditions of use. 
A16. EQUIPMENT PERFORMANCE MONITORlNG: Monitoring of equipment utilisation, cost-effectiveness, 
availability (uptime), etc. 
A 17. FACILITIES AND PLANT MANAGEMENT: A support programme that provides and maintains the proper 
environment for the delivery of healthcare services. FPM programmes ensure that buildings and 
associated utilities, transport and communications systems are acquired, operated and maintained in a 
manner that promotes the most efficacious and productive environment for normal hospital operations 
and the delivery of quality medical care (Bronzino, 1992). 
A18. FuNCTIONAL: Equipment in good and proper working order, according to specification. 
A19. GLOBALISATION: extension of economic activity across national and regional boundaries, and the 
functional integration of such internationally dispersed activities. 
A20. HAzARD NOTIFICATION SYSTEM: Guidelines, procedures and mechanisms for informing clinical and 
technical personnel of emerging information on equipment-related risks, usually due to design flaws or 
production/manufacturing defects. 
A21. HEALTHCARE TECHNOLOGY MANAGEMENT (HTM): "An accountable, systematic approach to ensuring 
that cost-effective, safe, efficacious and appropriate equipment is available to meet the demands of 
quality patient care" (ECRl, 1989). Defined at the national level as "the goal of optimising the 
acquisition and utilisation of technology to achieve maximum beneficial impact on health outcomes" 
(Rakich, 1992). Such an approach requires that medical equipment resources be managed and that the 
management strategies have measurable outputs that are monitored and evaluated (COHSASA, 1997). 
A22. HIGH RISK MEDICAL EQUIPMENT: Equipment associated with a high risk to the patient in terms of either 
intended function or consequences of failure, such as electrosurgicallmits or life-support equipment. 
A23. HOSPITAL ENGINEERING: Management and maintenance of health facility infrastructure, including 
services, plant, machinery and buildings (synonymous with Facilities and Plant Management) .. 
A24. INCIDENT: An "incident" is defmed as an event in which equipment or procedure has caused injury to a 
patient, and occasionally staff members (users/operators) or even visitors. The incident can be caused 
by specific equipment malfunction, user error or a combination of the two. 
A25. INCIDENT INVESTIGATION An incident investigation includes: preservation of evidence and assessment 
of the overall condition of the equipment; interviews with involved personnel; review of maintenance 
history and review matters related to training associated with the equipment. 
A26. INDICATORS: An indicator is an objective, quantitative variable that indicates or shows a given 
situation, and thus can be used to measure change. It is objective in that the same measurement can be 
obtained by different observers. 
A27. IN-HOUSE CES: A clinical engineering service based within or readily accessible to the institution / 
hospital benefiting from its services (for purposes of this questionnaire this specifically excludes 
private-sector service providers). 
A28. INSPECTION AND PREVENTIVE MAINTENANCE (!PM): There are three basic categories: (i) Periodic 
procedures to minimise the risk of failure and to ensure proper operation (including cleaning, 
lubricating, adjusting etc.); (ii) Functional testing, performance verification and calibration; (iii) Safety 
inspection. (Bronzino, 1992). IPMs are seen as lowering the total maintenance cost over the equipment 
lifetime, partly through extending this lifetime. 
A29. LABOUR COST (v ARlABLE COSTS): Costs that are assumed to vary (linearly) with production volume or 
service output. They can be viewed as costs that would not exist if there were no labour force. These 
include salary and wages of active service staff, continuing education expenses, liability insurance 
costs, repair and service supplies, employee benefits, etc. (Bronzino, 1992). 
A30. LITIGATION: Legal action taken as a result of patient injury due to neglect of medic all nursing staff or 
equipment failure. 
A31. LoGISTICS SUPPORT: includes supply systems, information and communications systems, and transport. 
A32. MEDICAL EQUIPMENT: defmed as including all medicallsurgical equipment, devices and instruments 
used in healthcare delivery; the term is used interchangeably with 'medical devices' or 'medical 
technology' . 
A33. NEEDS ASSESSMENT: A formal process for assessing (equipment) needs, usually on the basis of audits of 
clinical services offered, on the one hand, and an audit of existing (equipment) inventory on the other. 
A34. NORMALISED: with respect to a specified time period or other appropriate lUlit. 
A35. OUTSOURCING: using the services of an outside contractor (private sector service provider) rather than in-
house staff to accomplish an activity. 
A36. OVERHEAD COST (FIXED COSTS): Costs that do not fluctuate with the level of activity. These include 
effective cost of hospital floor space and utilities, capital depreciation; administrative and clerical 
labour cost, and costs of carrying a spare parts inventory (Bronzino, 1992). 
A37. PERFORl'\1ANCE: An actual work accomplishment or output (not to be confused with work behaviour). 
Quality and productivity are dimensions of a higher-level measure called 'performance' or 
'effectiveness' . 
A38. PHYSICAL INFRASTRUCTURE: Includes health facilities (buildings and utilities) and hospital equipment, 
machinery and plant. 
A39. PRODUCTIVITY: the ability to combine and convert inputs (labour, capital, materials and other 
resources) into outputs (goods anellor services) which satisfy market needs. Productivity can also be 
seen as a relationship between output and input of a given process i.e. P = Output/Input = (production 
of some desired result)l(consumption of resources). 
A40. QUALITY: conformance to requirements (stated or implied). This includes internal measurements, e.g. 
nmnber of rejects; and external measures such as customer satisfaction rating. Alternatively, the degree 
of excellence of a product or service. 
A41. QUALITY ASSURANCE: all the planned or systematic actions that are carried out to set standards and to 
monitor and improve performance so that the service provided is as effective and as safe as possible 
ie. providing adequate confidence that a product or service will satisfy requirements for quality. 
A42. RE-ENGINEERING: " ... changing processes, organisational structures, management style and behaviour, 
compensation and reward systems, as well as relationships with shareholders, customers, suppliers and 
other external partners" (Kelada, 1996). 
A43. RESPONSE TIME: the time between the receipt of a service call and the time the technician actually 
arrives at the equipment site (AAMI, 1990). 
A44. RISK AND SAFETY MANAGEMENT: An organised progrannne that removes and controls elements that can 
contrIbute to the avoidance of exposure to risks and the minimisation of liability exposure (David, 
1993), i.e. minimises or prevents the occurrence of undesirable outcomes. 
A45. STRATEGY: A vision of the position the service is to reach in the market and of how to get there, 
including financial, personnel and other sub-plans, as well as service strategy and quality strategy. 
A46. STRATEGIC PLAN: "A continuous process of making present risk-taking decisions systematically and with 
greatest knowledge of their futurity; organising systematically the efforts needed to carry out these 
decisions; and measuring the results of these decisions against the expectations through organised 
systematic feedback" (David, 1993). 
A47. SUSTAINABILITY: Medium- anellor long-term continuity of a process or service, usually determined on the 
basis of factors such as cost of delivery, availability of inputslresources, desirability of the process or 
service, benefits accrued, opportlUlity costs, etc. 
A48. TECHNOLOGY ASSESSMENT: A process used for examining and reporting properties of medical 
technology used in healthcare, such as safety, efficacy, effectiveness, feasibility and indications for use 
as well as social, economic and ethical consequences, whether intended or unintended (David, 1993). 
TA tools include cost-benefit analysis (CBA) and cost-effectiveness analysis (CEA). 
A49. TEST EQUIPMENT: Any tools and equipment used by CE personnel to perform calibration checks, IPMs 
and corrective maintenance, e.g. oscilloscopes, digital rnultimeters, defibrillator testers, physiological 
simulators, etc. 
A50. THIRD-PARTY SERVICE PROVIDER: An independent medical equipment service organisation (i. e. not 
equipment supplier or in-house service). May be small and only specialise in a few types of equipment, 
or may be large enough to provide service for most equipment in a hospitaL 
A51. TOTAL QUALITY MANAGEMENT: management-led philosophy of continuous improvement in every process of 
planning, production and service - a way of managing to improve the effectiveness, efficiency, flexibility 
and competitiveness of the business as a whole. 
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TARGET GROUP: INSTITUTIONAL MANAGEMENT (including Nursing Management) 
jhrtt ~ 1 ' .(ji4g~ I toy;j 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Engineering Service supporting it. 
1.1 Please complete the following: 
(If you prefer to remain anonymous, please indiC<1te your position or job description and country in tue space provided) 
Surname, .. , "" . .... . ,., First Name/Initial .... .. . . ......... Title ........... . 
or 0 Anonymous 
Position/Job Description ..................... . ....... . .................................... . 
Country ........ ",., ................. . . . .................. . ..... . ........... . .......... . 
':.:.~: 
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(Please tick [../] one box only) 
o Tertiary / Academic bealth facility 
o Secondary / Referral/Regional health facility 
o District hospital 
o Day clinic / Community health centre 
o Other (please specify) .. """"" .. .. "" .... "" .. . "" .. " ... " ... ,, ...... "." .. ". 
b) What is the number of beds supported by the health facility? (Please tick [../] one box only) 
o < 100 
o 751 - 1000 
o 100 - 250 
o 1001 - 2000 
o 251 - 500 0 501 - 750 
o > 2000 (Please specify) " .. ,,"""" 
c) Is your bealth facility a public sector or private sector institution? (Please tick [../ 1 appropriate box) 
o Public sector institution 
o Private sector institution 
o Other (please specify) .... ,", .. . ", .. ,""",.,",.,.,", .. ,", .. ".,', ... , . ,' .. ,.".," 





an external * clinical engineering service? (Please lick [../ J appropriate box) 
DIn-bouse CES 
o External CES ( *regional or centralised workshop/service) 
o Combination of in-house and external CES 
o Not supported at all 
Please continue Section 1 on Page 2 
SUSTAlNABILITY OF IN-HOUSE CLlNICAL ENGINEERING SERVICES lof9 
[QUESTl] 
b) Does the CES exist as a separate unit (e.g. Clinical Engineering Department, Health Care 
Technical Service, etc.) or part of another department (e.g. Hospital Engineering)? 
( Please tick [../ ]appropriate box) 
o Separate unit, called ............ . 
o Part of another department (Please specifY) ... . . . . . . . ....... . ........... . ..................... . 
c) To whom does the CES report? 
2. MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICE 
The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
If your institution is supported by an in-house CES, please answer as much of this section as you can. If 
your institution does not have an in-house CES, please move on to Section 3. 
2.1 a) Are you aware of the mission statement of the Clinical Engineering Service (CES) 
supporting your institution? 
o Yes o No 0 I don't know 
b) In your opinion, what would be an appropriate mission statement for aCES? 
2.2 a) To your knowledge, does the CES have an appropriate strategy (or business plan) to achieve its 
mission? 
o Yes o No 0 I don't know 
b) In your opinion, what would be appropriate elements in such a plan? 
c) If it exists, does this strategy support the overall strategic plan of your institution? 
o Yes o No 0 I don't know 
Please proceed to Section 3 on page 3 
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3. SERVICE PROVIDED BY CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on the services provided by the CES and the importance of these 
services to your institution 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 4. 
























services does the CES provide? (Please tick [..I] boxes on left, as appropriate, in table below) 
b) Please pick a number from the scale, to indicate how important you believe all possible CE services 

























Please also rate those services that are not currently provided by the CES. 
(Please circle [ e.g.(Q)] appropriate number on the right in tile table below) 
NB: The following temlS are defined in the Glossary on page /0 technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, 
risk and safety management, inspection and preventive maintenance, corrective maintenance, 
equipment performance monitoring, and quality assurance. 
Strategic technology needs assessment and planning ............. 1 
Technology assessment.. .............................................. 1 
Specification, evaluation and procurement of equipment. ........ 1 
Asset/inventory management ......................................... 1 
Review of equipment replacement needs ........................... 1 
Cost of ownership monitoring ........................................ 1 
Management of service contracts ... ...... .. .. ....................... 1 
Project management. .................................................. 1 
Facilities and plant management and maintenance ............... 1 
Training equipment users ............................................. I 
Risk management........................... .... .. .. ....... .. ..... .. ... I 
Safety checks....................................... . .......... . ........ 1 
Acceptance testing (incoming inspections) ......... . ...... . ........ 1 
Inspection and preventive maintenance (IPM) ..................... 1 
Corrective maintenance (repair) .................... .. ........ . ....... 1 
Equipment performance monitoring ................................. 1 
Functional or calibration checks ..................................... 1 
Quality assurance and improvement ................................ 1 
Research and development/modification of equipment.......... 1 
IT/Computer hardware and networks ............................. .. 
Telecommunications ......................... .... ............... .. ... . 

































































































REMINDER: Have you rated all of the services listed above? 
Please continue Section 3 on page 4 
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3.2 a) To your knowledge, are any of the following services outsourced to equipment suppliers/ agents 
or third party service providers (e.g. commercial firm/shared service) ? 
(Please tick [./ ] appropriate box in table below) 
Training equipment users ..................... 0 Yes 0 No 0 Both / mixed 
2 Acceptance testing (incoming inspections) .. 0 Yes 0 No 0 Both / mixed 
3 Inspection and preventive maintenance (IPM 0 Yes 0 No 0 Both / mixed 
4 Corrective maintenance (repair) .................... 0 Yes 0 No 0 Both / mixed 
5 Other (please specify) ............. ................. 0 Yes 0 No 0 Both / mixed 
6 ........................ .... . . . . . . . . . . . . . . . . . 0 Yes 0 No 0 Both / mixed 
7 •••••• 0 •••• • •••••••••••• • • • • • • • • • ••••••••••• 0 Yes 0 No 0 Both / mixed 
3.3 In your opinion, what are the advantages and the disadvantages of having an in-house CES, as 
opposed to outsourcing all equipment management and maintenance, as listed above? 
Advantages of in-house CES 
Disadvantages of in-house CES 
4. ASSESSMENT OF SERVICE PROVIDED BY CLINICAL ENGINEERING 
SERVICE 
The following set of questions focuses on your assessment of the service provided by the CES. 
Please answer as much of this section as you can. If YOll are unable to answer any questions, please 
move on to Section 5. 
4.1 Institutional Expectations of the Clinical Engineering Service 
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[QUESTl] 
4.1.2 lu your opinion, what major factors contribute to your expe<:tations of the CES not being met (e.g. 





4.1.3 In your opinion, what impact does the service provided by the CES have on clinical procedures 
specifically, or on health care service delivery generally, in your institution, as a whole? 
4.1.4 In your opinion, what would be the implications of not having an in-house CES at all (e.g. 
outsourcing all medical equipment management and maintenance functions)? 
4.2 Quality of Service Provided 
4.2.1 What you believe to be understood by the term "Quality of Service" with respect to aCES? 
4.2.2 Are other services within the healthcare institution assessed in terms of quality (e.g. through 
accreditation)? 
Please proceed to Section 5 on page 6 
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5. CES PERFORMANCE AND SUSTAI~ABILlTY 
The following set of qnestions focllses on your assessment of the performance and slisiainability of the 
CES supporting your institlltion 
Please answer as much of this section as you can. If you are unable to answer any questions, please 
move on to Part 2. 
5.1 Performance 
a) How is pe10rmance of th e CES currently assessed at your institution? 






5.2 .1 Would you consider the CES service to be a 'core' function of your health care institution? 
o Yes 0 No 
Please elaborate on your answer . 
5.2.2 a) Do you see tbe CES supporting your institution surviving in the next 5, 10 or 15 years? 
(ple",se ticlt r./) most appropriate box) 
o Yes, 5 years 0 Yes, 10 years 0 Yes, 15 years 0 Not at all 
b) What are the institutional, organisational or environmental factors that would support tlle 
existence of your CES? 
c) What are the institutional, organisational or environmental factors that would hinder the 
existence of your CES? 
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CLINICAL ENGINEERING SERVICE INDICATORS 
The main objective of the study is to develop and test a set of comprehensive key indicators to describe the 
performance of clinical engineering services which can be used in assessing their sustainability. 
(An indicator is an objective, quantitative variable that indicates or shows a given situation, and thus can he 
used to measure change. It is objective in that the same measurement can be obtained by different ohservers). 
The critical indicators identified should facilitate standardisation of clinical engineering services; as well as 
allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
Tbe following is a list of proposed indicators derived from the available literature and current best practice, in 
no particular order. For each of the proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and circle it [ 
e.g.(5)] next to the statement. If you are uncertain ofthe relevance of the indicator please select the 'Don't 
know' i.e (0) option. 
Inability to perfonn clinical procedures or extension 
0 1 2 3 4 5 
of tient due to medical malfunction 
2 Patient (or operator) injury due to medical equipment 
0 1 2 3 4 5 
malfunction or unavailab' 
3 Patient (or operator) injury due to medical equipment 
0 ] 2 3 4 5 
lUI on 
4 Number of equipment malfunctions caused by user 
0 1 2 3 4 5 
error/misuse or abuse 
5 Type and number of medical equipment supported by 
0 1 2 3 4 5 
CES 
6 Percentage of medical equipment supported by CES 
3 4 5 
that is ional 
0 1 2 3 4 5 
9 
0 1 2 3 4 5 
10 
0 1 2 3 4 5 
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[QUESTl] 
16 Salaries and career paths of CES technical staff vs. 
0 
other healthcare workers 
2 3 4 5 
17 Salaries and career paths of CES technical staff vs. 
similar employees in competing sector 0 1 2 3 4 5 
(Public/private) 
0 1 2 3 4 5 
0 1 2 3 4 5 
3 
21 
0 1 2 3 4 5 
e 
22 Cost of in-house service vs. cost of outsourced 
0 1 2 3 4 5 
service 
23 Inventory of spare parts per equipment value 
0 1 2 3 4 5 
orted 
0 1 2 3 4 5 
28 Degree of compliance that has been achieved with the 
0 1 2 3 4 5 
established schedule for routine 
29 Percentage of lPMs/repairs perfonned in-house vs. 
0 1 2 3 4 5 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/repairs checked by in-house CES before 0 1 2 3 4 5 
to clinical environment 
1 2 
32 lPM s/repairs conducted in accordance with 
manufacturer's recommendations, as specified in 0 1 2 3 4 5 
service manuals 
33 Evidence of proper documentation of all work done 
by CES (e.g. service histories), provicling strategic 
0 1 2 3 4 5 
and operational evidence relating to safety, cost-
effectiveness needs etc 
1 IPMs = Inspection and Preventive Maintenance procedures 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (Please lick [.f lone box only next to each 











0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











..··············· .. ·····,r· .. ···· .. ······ .... ···············. 
Please return the completed questionnaire to the address (or fax number) indicated below, by $fm~y:X;·:$'4g.l# • 
•.... ..  !:., . · •.;.s ••.•. ••. ~.o.,.:  ~ ••.•... " .•.  C·.,.T .••• ·th :I:.··.· •... ,t..• H •.•~.: . O ..• ,  Y>,.:f . . :•• ·.•..••  ~ .•• ,:.:o.: •. · a .••. ·H ••.•  I.,··a.' •. ,.'.w.um.·:.,·.· .... •. • .•   ..  .  ,;• ~ .•. s:.. •.• o . · ,' ..  '.•: ..•.n .• b .. ~ ••• :•.•  ens.~._. : •. • .•. < .•. ·••••. hl:  :.·• :.:·.• al •.~::· .t •.M.~ .• •••.•. · ·y.,C., . M2 ..•... ",7.,·.: •..  L,·,W .•  •• · ..~".• .• ·,.•. 5·•.• • •• :g . ... ~?f\0~~'~~~~f •••. ·;wzi ~1 . ~:;;;~ .:.::' .•••. : .. ••••••••• c';:,::' .. 
. ~ ~:.,: : ~ ~ ,.j:, ~~ . . ........... ~~~~:··:ie=~~:;tc~ij~~~60~:5 ". ::E> , :.:.:: 
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(QUEST 2] 
TARGET GROUP: CLINICAL ENGINEERING SERVICE MANAGERS & PERSONNEL 
Part 1 ..... .. (p(lgt:slto8/ 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Engineering Service supporting it. 









(If you prefer to remain anonymollS, please indicate your position or job description and your country in tbe spaces provided) 
Surname. ................... .. .. . . . . ... ... First Name/Initial. .................... Title ... .. .. .... . 
or 0 Anonymous 
Position/Job Description ... . ............ . . .. . . . . . ..... . .... . ............ . .. ...... . 
Country. 
Jnstiiutioti1:lio~pnal." , ; .. ... " . . . .... ;' ..... .... ; .... ;". '.' ... '. ,., .... ......... ... ... . , . " .... .... ..... " ..... .... . 
E:Irr'!!i:~dr~§'·: ... :: .. .. : . ~ ... : ~'.'. : ." .... ..... .... ~ . ~ 'i . ; · ·· ';;.' ";:~" .;, ...... ~........... . . .... . :; . ,<; .. 
· T~efJhotie: :: ; ... :.. ';;';".' '.<'.'''; ' ". c',. ';; . . ... ; , .; •. ;/; ., '.;; .. . . , ... " F~ ..... ;::: ... ; .. ... ... ... ,' .. :;":':. ",',.; .:;.>:; .... ' ... .. " .. "';i;": . . 
' Po:st.a.ladQ.i"~ ... ., ... ~ •... ,. : ..... ! . ... ... ........ , .: •• • • : .: ... . . ..... . .. . : , • . , . :, . .... . , : •... . ; .. . .. ... .. ' .. ,. . .. . "'.":0.' . •.•• . ",." 
·,City .... .. ,; ...... ;:, '. ;.,.. "';",.;' .. ": .. : .. ;:; ,, ...... , :':':""" .';;;; .. :. ;.,.; .. , ."';:; .. . ;;",,, ;; .. J?'.osfut:CQde, . ;;;: . .. ..... .. ,. : .' ... ,< .. 
a) What type of health facility is your institution? 
(Please lick [/] one box oul y) 
o Tertiary / Academic health facility 
o Secondary / Referral/Regional health facility 
o District hospital 
o Day clinic / Community health centre 
o Other (please specify) 
b) Is your health facility a public sector or private sector institution? (Please lick [/1 appropriate box) 
o Public sector institution 
o Private sector institution 
o Other (please specify) . 
c) What is the number of beds su pported by the health facili ty? (Please tick [/] one box only) 
o < 100 o 100 - 250 o 251 - 500 0 501 - 750 
o 751 - 1000 o 1001 - 2000 o > 2000 (Please specify) ............. . 
1.3 a) What is the number of devices supported by your CES? (Please tick [/] one box only) 
o < 500 0 500 - 1000 0 1001- 1500 
o 2001 - 3000 0 3001 - 4000 0 4001 - 5000 
o > 5001 (Please 5pecify) ............ ......... .. 
SUSTAlNAI3ILITY OF IN-HOUSE CLINICAL ENGINEERlNG SERVICES 
o 1501-2000 
o Don't Know 
Please continue Section J on page 2 
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[QUEST 2] 
b) What is the scope of service covered by your CES, ill terms oftypeslrange of equipment supported 
by your CES? 
c) What is the scope of service covered by your CES, in terms of service provided to other 
institutions? 
2. MISSION AND OBJECTIVES OF CLINICAL ENGINEERING SERVICE 
The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
Please answer as much of this section as you can. If you are unabl e to answer any questions please move 
on to Section 3 
2.1 a) Does your department bave a documented mission statement? 
DYes D No D I don' t know 
b) If'Yes', please specifY. 
If 'No', what in your opinion, would be an appropriate mission statement for the CES? 
2.2 a) Does your CES have a documented strategy (or business plan) to acbieve your mission? 
D yes D No D I don 't know 
b) If' Yes', please specify 
If 'No', what in your opinion, would be appropri ate elements in sucb a plan? 
2.3 Do the CES' mission statement and strategy conform to tbe overall strategic plan of Ihe hospital? 
(Please elaborate) 
Please proceed to Section 3 on page 3 
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3. SERVICE PROVIDED BY CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on the services provided by the CES and the importance of these 
services to your institution 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 4. 
























CES provide? (Please Lick [./] boxes on left, as appropriate, in table below) 
b) Please pick a number from the scale, to indicate how important you believe all possible CE services 

























Please also rate those services that are not currently provided by the CES. 
(Please circle [ e.g. ®] appropriate number on the right in tbe table below) 
NB. The following terms are defined in the Glossary on page iii. technology assessment, needs 
assessment, asset/inventory management, cost of O'vvnership facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, equipment 
petj'omwnce monitoring, and quality assurance. 
":.; ':' ";.;" . "Sllf'vicl ...... ... .......... . 
b) 
, F1eli.$edirCliia 
Strategic technology needs assessment and planning ...... . ..... 1 
Technology assessment ............................................. 
Specification, evaluation and procurement of equipment. ...... 
AssetJinventory management. ....................................... 
Review of equipment replacement needs. ........................ 
Cost of ownership monitoring. ...................................... 
Management of service contracts ..................... .. ............. 1 
Project management. .......................................... . ....... 1 
Facilities and plant management and maintenance ............... 1 
Training equipment users ............................................. 1 
Risk management .................... .. . .......... . ... . .. ...... . ...... I 
Safety checks ......................................... . ... .. ............ 1 
Acceptance testing (incoming inspections) ................. . ...... 1 
Inspection and preventive maintenance (IPM) .................... 1 
Corrective maintenance (repair) .............................. .. .... 1 
Equipment performance monitoring ................................ 
Functional or calibration checks ................... . ... . ............ 
Quality assurance and improvement.. ....................... .. ..... 
Research and developmentJmodification of equipment. ... . . . ... 
IT/Computer hardware and networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
Tel ecomm unications ......................................... 1 
Other (please specify) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
..................... . . .. ....................... . .................. 
........................... . ... . ..... . ................ . ... . . . . . ...... . ... 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
REMINDER: Have you rated all of the services listed above? 
Please continue Section 3 on page 4 
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3.2 To your knowledge, are any of the following services outsourced to (i) equipment 
suppliers/agents or (ii) third party service providers (e.g. commercial firm/shared service)? 







.UL :.· •. ' 
.. ' .......... ......... : ....... .... ".: .. ,' .. , ... .... .. . 
Training equipment users " """"""""". 
Acceptance testing (incoming inspections) ..... .. 
Inspection and preventive maintenance (rPM 
Corrective maintenance (repair) .................. . 








Yes 0 No 0 
Yes 0 No 0 
Yes 0 No 0 
Yes 0 No 0 
Yes 0 No 0 
Yes 0 No 0 
Yes 0 No 0 
3.3 Please answer the fonowing questions regarding the service provided by your CES. 
3.3.1 Are there laid down procedures and guidelines for each activity? 
o Yes ONo o I don't know 
3.3.2 Who are the clientslcustomers receiving the service you provide? 
3.3.3 Do you know what your clients expect from the CES? 
Both / mixed 
Both / mixed 
Both / mixed 
Both / mixed 
Both / mixed 
Both / mixed 
Both / mixed 
•• • • •• •••• • • • ••••••••• ••••••••••••••••• ••• • •••••• • • •• •• • • • • • • • • • ••• • •••••••••••••• ••• 0 •• •• • 0 •• • ••• ••• 0 •••• '0 •• • • • 
3.3.4 Would there be any advantages of outsourcing any CES activities? 
• • · ·"'·.0 · ••• 0 •••••••••• _ ••••• • •• •• •• , ••• • • •• ••• • • ••• _ • • 0 •••• • • • •••••• 0' •• • • 0 •• ••• •• •• • 0 • • ••• • •••• 
••• •• • ••••• •• • • 0 ••••••• • ••••• •• •••• • • •••••• • 0 •••••••••• • • • • •• •• • ••••••••••••• _ •• • •••••• • • •••• 0 •••• • 
······· ·.0 ·· . . .. .... . . . . .......... ... . ....................... . .. . . , .. . . ..... . .. . . , .......... . 
Please proceed to Section 4 on page 5 
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4. PERFORMANCE OF CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on your assessment of the performance of your CES 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 5 
4.1 In your opinion, what impact does your CES have on the perjonnance of the health care service 
delivery system or clinical procedures in your institution/environment as a whole? 
4.2 To what extent is your service supported (or hindered) by external service providers (i.e. equipment 
suppliers or third party service providers)? 
4.3 a) How is performance currently assessed in your CES? 





5. SUSTAINABILITY OF CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on your assessment of the sustain ability of your CES. 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 6. 
5.1 a) Do you see your CES surviving in the next 5, 10 or 15 years? (Please tick [./ 1 appropriate box) 
DYes, 5 years 0 Yes, 10 years 0 Yes, 15 years 0 Not at all 
b) What are the institutional, organisational or environmental factors that would support the 
existence of your CES? 
SUSTAINABILITY OF IN-BoUSE CLINICAL ENGINEERING SERVICES 5 of 11 
c) What are the institutional, organisational or environmental factors that would hinder the 
existence of your CES? 
[QUEST 2J 
............ . ............................... . ... . ................. . ...................... . .................. . .... . .......... 
5.2 Would you consider your CES to be a 'core' filllction of your health care institution? 
DYes DNo 
Please elaborate on your answer 











CESs? (Please tick (../ 1 as appropriate in ~le boxes on the left) 
b) Please pick a number from the scale, to indicate how significant the factor is to the sustain ability of 
CES'. (Please circle [ e.g.®] appropriate number on tue right in the lIIble below) 
D Adequate physical infrastructure ..... . ...................... 2 3 4 5 
D Adequate financial resources ........... . ..................... 2 3 4 5 
D Adequate human resources ..................... . . . .. ....... . . . 2 3 4 5 
D Management/strategic commitment ......................... 1 2 3 4 5 
D Conducive environment. .............................. . ... . ... 1 2 3 4 5 
D Legal framework (e.g. threat of litigation) ........... 1 2 3 4 5 
D Logistics support. ..................................... .. . .... ... 1 2 3 4 5 
D Performance of technical staff ................ . .. .. ........... J 2 3 4 5 
D Stakeholder participation ...................................... 2 3 4 5 
D Recognition or acceptance by clients ............ . .. .. ....... 2 3 4 5 
D Other (Please specify) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 5 
D ......................................................... I 2 3 4 5 
D •••• • ••••••••••••••••••••••••••• _ • ••••••• _ ••••• • 0 •••••••• 1 2 3 4 5 
D .......................... . . . ............................ 1 2 3 4 5 
D . .................... . .... . ....... . ............. . ...... . . 2 3 4 5 
Please continue Section 5 011 page 7 
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6. TRENDS AFFECTING CLINICAL ENGINEERING SERVICES 
The following set of questions focuses on trends that may have been affecting CESs in recent years. 
Please answer as milch of this section as you can. If you are unable to answer any questions, please move 
on to Section 7. 









(please refer to the glossary for definitions and tick (./ 1 as appropriate» 
o Downsizing 
o Economic rationalisation 
o Outsourcing 




o Other (please specify) 
b) 1fso, how? 
SUST AlNABILITY OF IN-HoUSE CLINICAL ENGINEERlNG SERVlCES 
Please proceed to Section 7 on page 8 
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[QUEST 2] 
7. CES PERFORMANCE I SUSTAINABILITY FACTORS 
The following section focuses on more specific factors that mayor may not impact on the performance 
or sustain ability of your CES. 
Please answer as much of this section as you can. If you are unable to answer any questions, please 
proceed to Part 2 of the questionnaire. 
For each of the factors in the table below, please indicate: 
a) Whether it is available at your institution (please tick [./ 1 appropriate box) 
b) Whether you believe it has a significant impact on the performance or sustainability of your CES 
(Please tick [/1 appropriate box) 
,','., ..... , .. '" ....... 
" ·· C .. ~i~s sigllitl~ll~! . '
"", 
~) Av~illl:l:lk~t yo~J:' ' '. .. ill1P-Wt~R ';'; , FaClors .':' .. 
iO$mmjM'? ::p¢fforlll~~~<)! . : . 
... 
.. : · :. ,,:.,. :~ISPltll~biIHY?, ,.:,." 
1. Presence of hospital-wide risk and safety management 
DYes DNo DYes DNo 
programme, specific to medical equipment 
2. Presence of hospital-wide quality assurance programme, 
DYes DNo Dyes DNo specific to medical equipment 
3. Presence of a hazard notification system DYes DNo DYes DNo 
4. Presence of incident investigation and reporting system DYes DNo DYes DNo 
5. Adequate number of test equipment properly calibrated 
DYes DNo DYes DNo 
and functional per test equipment type 
6. Adequate spare parts on site for common repairs DYes DNo DYes DNo 
7. Availability of regular medical equipment training!re-
DYes DNo DYes DNo training programmes 
8. Availability of service manuaLs (from manufacturers) for 
DYes DNo DYes DNo aU equipment serviced/maintained/repaired 
9. Availability of operator/user manuals or instructions for 
Dyes DNo DYes DNo I aU medical equipment 
10. AvailabiLity of hospital-wide equipment inventory/asset 
Dyes DNo DYes DNo I register using consistent nomenclature 
11. AvaiLability of computerised and updated CES medical 
equipment inventory (including supported medical 
equipment, test equipment and spares) based on 
DYes DNo DYes DNo inventory of equipment supported (service, maintenance, 
user-related malfunctions, incidents) using consistent 
nomenclature 
12. Management decisions (relating to needs assessment, 
procurement, decommissioning and replacement 
DYes DNo DYes DNo planning) based on inventory and CES equipment 
service histories 
13. Client satisfaction surveys performed Dyes DNo DYes DNo 
14. Level of participation and communication by CES with 
stakeholders (i.e. hospital management, clinicaL staff, DYes DNo DYes DNo 
manufacturers/suppliers) 
15. Accessibility ofCES personnel outside normal working 
DYes DNo DYes DNo hours 
L6. Presence of criteria for inclusion or exclusion of medical 
DYes DNo Dyes DNo devices/equipment into equip management programme 
17. Presence of continuous quality improvement programme DYes DNo DYes DNo 
Please proceed to Part 2 of t he questionnaire 
SUSTAlNABILITY OF IN-HOUSE CLINICAL ENGINEERING SERVICES 8 of 11 
(QUEST 2] 
Part 2 (pages 9 to / J) 
CLINICAL ENGINEERING SERVICE INDICATORS 
The main objective of the study is to develop and test a set of comprebensive key indicators to describe the 
performance of clinical engineering services which can be used in assessing their sustainability. 
(An indicator is an objective, quantitative variable that indicates or shows a given situation, and thus can be 
used to measure change. It is objective in that the same measurement can be obtained by different ohservers). 
The critical indicators identified should facilitate standardisation of clinical engineering services; as well as 
allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators derived from the available literature and current best practice, in no 








• Please pick a number from the scale to indicate bow important you believe the measure to be and circle it [ 
eg®] next to the statement. If you are uncertain of the relevance of the indicator · please select the' Don't 
Imow' i.e. (0) option. 
Inability to perfonn clinical procedures or extension 
of patient stay due to medical equipment 0 1 2 3 4 5 
malfunction 
Patient (or operator) injury due to medical 
0 1 2 3 4 5 
t malfW1ction or unavailabili 
Patient (or operator) injury due to medical 
0 1 2 3 4 5 
nus lication 
Number of equipment malfW1ctions caused by user 
0 1 2 3 4 5 
error/misuse or abuse 
Type and number of medical equipment supported 
0 1 2 3 4 5 
CES 
Percentage of medical equipment supported by CES 
0 1 2 3 4 5 
that is 'onal 
0 2 3 4 5 
0 1 2 3 4 5 
JO Evidence of continning education! professional 
0 1 2 3 4 5 
dev ofCES ersonnel 
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[QUEST 2] 
11 Relative number of different categories of CES 
4 5 
16 Salaries and career paths of CES technical staff vs. 
0 1 
other healthcare workers 
2 3 4 5 
17 Salaries and career paths of CES technical staff vs. 
similar employees in competing sector 0 1 2 3 4 5 
(pub lic/private) 
0 1 2 3 4 5 
21 Cost of CES support as a percentage of capital cost 
0 1 2 3 4 5 
of orted medical e 
22 Cost of in-house service vs. cost of outsourced 
0 1 2 3 4 5 
servIce e 
23 Inventory of spare parts per equipment value 
0 2 3 4 5 
28 Degree of compliance that has been achieved with 
0 1 2 3 4 5 
the established schedule for routine aIrs 
29 Percentage of IPMs/repairs performed in-house vs. 
0 1 2 3 4 5 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/reparrs checked by in-house CES before 0 1 2 3 4 5 
to clinical environment 
32 IPMs/repairs conducted in accordance with 
manufacturer's recommendations, as specified in 0 1 2 3 4 5 
service manuals 
33 Evidence of proper documentation of all work done 
by CES (e.g. service histories), providing strategic 
0 1 2 3 4 5 and operational evidence relating to safety, cost-
effect' lacement needs etc 
1 IPMs = Inspection and Preventive Maintenance procedures 
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[QUEST 2) 
• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (Please tick [.I] one box only next to each 











0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please return the completed questionnaire to the address (or fax number) indicated below, by OO'i(4~y.~ma:gi#~# 
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[QUEST 3] 
TARGET GROUP: CLIN1CAL ENGINEERING SERVICE CLIENTS 
··· Patt :I (page} l ib}): .. 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Engineering Service supporting it. 
1.1 Please complete the following: 
(lfyou prefer to remain anonymous, please indicate your position or job descriptioll and cowltry in the space provided) 
Surname........ ...... ............ . ......... First Name/Initial ............ . ...... . ....... Title ........... . 
or 0 Anonymous 
Position/Job Description ........... . ... . . . ................... . 
. . Country ..................................... . 
. ... (rhejdUdwing'NfoNnatiOlJ is.optiotral) 
. , "'~ " '" ~ •• • • • ;< . ', "'~ ' " ;-: •. , •.• :.; > .•. •• ,. ; :, ••. : ... ... ".:',.", .: ~ • •• •• • ~ 
EflfaW~dress ... ; ..... , ..... : .. ....... .. ... ......... ' ........... . 
T:et¢p~()rie: ... . . ,>. ;'':-.' ,.:;" ... ,. :; . ;;; .... ;~ .. " ...... ,t\ .. J1ax ..•.......... :. . .... .. :;'. " .... ' ... , .... ..... ... ; .. ... . 
POSta.I.llfidies~ ~ . ; .... ; .. 
¢iW .. ,·., .. " .. ; .... :;; .. · .. ·. ~ . . ..... . . ' .,.. . . -;. . ~ .:' .-. . .. 







(Please tick (./ lone box only) 
o Tertiary / Academic health facility 
o Secondary / Referral/Regional health facility 
o District hospital 
o Day clinic / Community health centre 
o Other (please specify) ....................... ..... ........................ ................... ..... ... . 
b) What is the number of beds supported by the health facility? (Please tick (./] one box only) 
o < 100 o 100-250 o 251 - 500 0 501 - 750 
o 751 - 1000 o 1001 - 2000 o > 2000 (Please specify) ......... . ...... . 
c) Is your health facility a public sector or private sector institution? (Please tick [./ 1 appropriate box) 
o Public sector institution 
o Private sector institution 
o Other (please specify) ............... . ............. . ........... . . ...... . ... .. ........ . 
1.3 a) Is your institution supported by an in· house clinical engineering service (CES) or 
an external * clinical engineering service (CES)? (Please tick (../ 1 appropriate box) 
Din-bouse CED 
2 0 External CES ( *regional or centralised workshop/service) 
3 0 Combination of in-house and external CES 
4 0 Not supported at all 
b) If you are supported by a clinical engineering service, what is it called (e.g. CJ wical Engineering 
Department, Health Care Technical Service, etc.)? 
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2. ASSESSMENT OF SERVICE 
The following set of questions focuses on the services provided by the CES and your assessment of the 
importance of these services to your institution. Please answer as much of this section as you can. 
If you are unable to answer any questions, please move on to Part 2. 


























services does the CES provide? (Please tick [,/] boxes on left, as appropriate, in the table below) 
b) Please pick a number from the scale, to indicate how important you believe all possible CE services 
(as listed below) to be to your healthcare institution 
(please circle [e.g.(;!)] appropriate number on the right in the table below) 
NB: Thefollowing terms are defined in the Glossary on page 7: technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, 
equipment peiformance monitoring, and quality assurance. 
rhi'Y;dhW , .. .... .1J:) . R~ij~g~JmpPrt~ll~~ 
., : ... ' ........ :: ... .. ::-::-:f1.ef:l..~~:clr:{j/?:q. ,fi f.iate· : n.~mbeir:" 
0 Strategic technology needs assessment and planning ............. 1 2 3 4 5 
0 Technology assessment ................................................ 1 2 3 4 5 
0 Specification, evaluation and procurement of equipment ......... 1 2 3 4 5 
0 Asset/inventory management ......................................... 1 2 3 4 5 
0 Review of equipment replacement needs ........................... I 2 3 4 5 
0 Cost of ownership monitoring ............................ . .. .. ....... I 2 3 4 5 
0 Management of service contracts ........... . ......................... 1 2 3 4 5 
0 Project management. ................................................... l 2 3 4 5 
0 Facilities and plant management and maintenance ... .. .. ... . ... ... 1 2 3 4 5 
0 Training equipment users .............................................. l 2 3 4 5 
0 Risk management. .................................. . ................... l 2 3 4 5 
0 Safety checks ............................................................ 1 2 3 4 5 
0 Acceptance testing (incoming inspections) ......................... 1 2 3 4 5 
0 Inspection and preventive maintenance (IPM) ..................... 1 2 3 4 5 
0 Corrective maintenance (repair) ...................................... 1 2 3 4 5 
0 Equipment performance monitoring ...................... . .......... l 2 3 4 5 
0 Functional or calibration checks ..................................... 1 2 3 4 5 
0 Quality assurance and improvement ................................. I 2 3 4 5 
0 Research and development/modification of equipment.. .......... l 2 3 4 5 
0 IT/Computer hardware and networks ............................... 1 2 3 4 5 
0 Telecommunications ...................................... . .......... . 2 3 4 5 
0 Otber (please specify) .......... . .. .. .. .. ......................... . 2 3 4 5 
0 2 3 4 5 
0 2 3 4 5 
REMINDER: Have you rated all of the services listed above? 
Please continue Section 2 on page 3 
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2.2 Client Requirements and Views of Clinical Engineering Services 





2.2.2 In your opinion, what factors contribute to your requirements ofthe CES not being met (e.g. redoing 





2.2.3 How does the service offered by the CES influence your ability to carry out your own job in providing 
clinical procedures specifically or health care services in general? 
2.2.4 In your opinion, what would be the implications of not having an in-house CES at all (e.g. outsourcing 
medical equipment management and maintenance, as listed above)? 
Please proceed to Part 2 of the questionnaire 
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CLINICAL ENGINEERING SERVICE INDICATORS 
The main objective of the study is to develop and test a set of comprehensive key indicators to describe the 
performance of clinical engineering services which can be used in assessing their sustainability. 
(An indicator is an objective, quantitative variable that indicates or shows a given situation, and thus can be used 
to measure change. It is objective in that the same measurement can be obtained by different observers). The 
critical indicators identified should facilitate standardisation of clinical engineering services; as well as allowing 
comparisons of performance, cost-effectiveness and sustainabil ity to be made between clinical engineering services 
in differing environments. 
The following is a list of proposed indicators derived from the available literature and current best practice, in no 
particu1ar order. For each of the proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and circle it [ 
e.g.®] next to the statement. If you are uncertain oftbe relevance oftbe indicator- please select the 'Don't 
know' i .e. (0) option. 
Inability to perfonn clinical procedures or extension 
of patient stay due to medical equipment 0 1 2 3 4 5 
malfunction 
2 Patient (or operator) injmy due to medical 
0 
malfunction or unavailab-
1 2 3 4 5 
3 Patient (or operator) injury due to medical 
0 2 3 1 4 5 
rrns Iication 
4 Number of equipment malfunctions caused by user 
error/misuse or abuse 
0 1 2 3 4 5 
5 Type and number of medical equipment supported 
CES 
0 1 2 3 4 5 
6 Percentage of medical equipment supported by CES 
0 
that is 
1 2 3 4 5 
0 1 2 3 4 5 
9 
0 1 2 3 4 5 
10 
0 1 2 3 4 5 
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16 Salaries and career paths ofCES technical staffvs. 
0 
other healthcare workers 1 
2 3 4 5 
17 Salaries and career paths of CES technical staff vs. 
similar employees in competing sector 0 1 2 3 4 5 
(public/private) 
0 1 2 3 4 5 
0 1 2 3 4 5 
21 Cost of CES support as a percentage of capital cost 
0 1 2 3 4 5 
of orted medical 
22 Cost of in-house service vs. cost of outsomced 
0 1 2 3 4 5 
servIce 
23 Inventory of spare parts per equipment value 
0 1 2 3 4 5 
orted 
28 Degree of compliance that has been achieved with 
0 1 2 3 4 5 
the established schedule for routine IPM 
29 Percentage of IPMs/repairs performed in-house vs. 
0 1 2 3 4 5 
outsomced 
30 Percentage and type of outsourced equipment 
fPMslrepairs checked by in-house CES before 0 1 2 3 4 5 
to clinical environment 
32 IPMslrepairs conducted in accordance with 
manufacturer's recommendations, as specified in 0 1 2 3 4 5 
service manuals 
33 Evidence of proper docwnentation of all work done 
by CES (e.g. service histories), providing strategic 
0 1 2 3 4 5 
and operational evidence relating to safety, cost-
effectiveness lacement needs etc 
I IPMs = Inspection and Preventive Maintenance procedures 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in the 












0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please return the completed questionnaire to the address (or fax number) indicated below, by 'jj'r(~~Y$M'Aijgij.#.. 
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TARGET GROUP: MINISTRIES OF HEALTH/ HTM EXPERTS 
";;::- ," ... 
. .. 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information. 
1.1 Please complete the following: 
(If you prefer to remain anonymous, pJease indicate your position or job description and country in the space provided) 
Surname...................... . ............. First Name/Initial ................... . ....... Title ........... . 
or 0 Anonymous 
Position/Job Description ................................ . .. .......... . ............... . ...... . .. . .. ........... . 
Country ............................................... . .. .......... . .......... . ....................... . .. .. ..... . 
(thejoMbWjng 
. Tnstlmt:i9MQrglini#t1Qn:.; :·o .. 
: ~:::::)::::::-::.. -::.:: :::::::.- : ":::::>:::.-:-.: -.. =, '.' '1" "d' 'cli' ....... ....... . ....... . 
: DH~ar . a . · .e$S: .. ,; . ... : . , ;; . . ; ; " .. 
- .:-::-: -:-'. - --.::-::-::-: -- -: :-:-: :.".; 
Tbi~~lc1brt~ : , .. ~ . > ., ....... : .. ":.' .: . 
Pq&W a4dregg;, : ,:, ~ .. '
,Cny"".,·;,·;" .i; . 
1.2 a) Are you familiar with a Clinical Engineering Service? 
o Yes o No 
If"Yes", please proceed to Section 2 below. If "No", please go to Section 3 on the next page. 
2. MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICE 
The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
2.1 a) Does the CES exist as a separate unit (e.g. Clinical Engineering Department, Health Care 
Technical Service, etc.) or part of another department (e.g. Hospital Engineering)? 
( Please tick [./ jappropriate box) 
o Separate unit, called ....................................... . .. .. .... . .. ............................. . 
o Part of another department (Please specifY) ........... . .. ...... . .. .... . ....................... . 
b) To whom does the CES report? ...... . ................................................................. . 
c) Are you aware of the mission statement of the Clinical Engineering Service (CES)? 
o Yes o No 0 I don't know 
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d) In your opinion, what would be an appropriate mission statement for aCES? 
........ .. ... . ....................... . ..... . ...... .. ............. .. .......................... 
.... . ............ .. . .............. - . . ...... . ...... . ....... . ................... , ............. . 
2.2 a) To your knowledge, does the CES have an appropriate strategy (or business plan) to achieve its 
mission? 
DYes o No o I don't know 
b) In your opinion, what would be appropriate elements in such a plan? 
c) If it exists, does this strategy support the overall strategic plan of the institutionls it serves? 
DYes o No o I don't know 
3. SERVICES PROVIDED BY CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on the services typically provided by a CES and the 
importance of these services to the institution/s it serves. 
3.1 a) Please pick a number, from the scale, to indicate how important you believe the service to be. 
(please circle [ e.g. ®J appropriate nwnber on the right in the table below) 
NB: The following terms are defined in the Glossary on page 10. technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, 
equipment peiformance monitoring. and quality assurance. 
;.::.;-;.; 
Strategic technology needs assessment and planning .. 2 3 4 5 
2 Technology assessment. .............................................. . 2 3 4 5 
3 Specification, evaluation and procurement of equipment. ....... . 1 2 3 4 5 
4 Asset/inventory management ........................................ . 1 2 3 4 5 
5 Review of equipment replacement needs ......................... . 1 2 3 4 5 



























Cost of ownership monitoring ............ . ........... . .. ............. 2 3 4 5 
Management of service contracts ................................. 2 3 4 5 
Project management. ..... . ............................................ 2 3 4 5 
Facilities and plant management and maintenance ............... 2 3 4 5 
Training equipment users ........................ . .. .. .. . . ............ 2 3 4 5 
Risk management. .............. . ......... ...... ... .... .. ....... .. ..... 2 3 4 5 
Safety checks ............................................... . ... . ....... 2 3 4 5 
Acceptance testing (incoming inspections) ................. . ....... 2 3 4 5 
Inspection and preventive maintenance (IPM) ..................... 2 3 4 5 
Corrective maintenance (repair) ...................................... 2 3 4 5 
Equipment performance monitoring ................................. 2 3 4 5 
Functional or calibration checks .... . .................. . .. ........... 2 3 4 5 
Quality assurance and improvement ..................... . .......... 2 3 4 5 
Research and development/modification of equipment. ......... 2 3 4 5 
IT/Computer hardware and networks ...... . .. .. .. .. ............... . 2 3 4 5 
Telecommunications .......... . ........................................ 2 3 4 5 
Other (please specify) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 4 5 
••••• • 0 •••••••••••••••• • _ ............... . . . ............... . ........ 1 2 3 4 5 
... . ........ . ............... . . . ... . ...................................... 2 3 4 5 
3.2 a) In your opinion, which of the following services could/should be outsourced to 
equipment suppliers/agents or third party service providers (e.g. commercial 
firm/shared service) ? 
(Please tick [,( ] appropriate box in table below) 
Training equipment users .......................................... . .... 0 Yes 0 No 0 Both/mixed 
Acceptance testing (incoming inspections) ....... . .. .. ........ . ....... 0 Yes 0 No 0 Both/mixed 
Inspection and preventive maintenance (IPM) ........................ 0 Yes 0 No 0 Both/mixed 
Corrective maintenance (repair) .... . ................ . .................. 0 Yes 0 No 0 Both/mixed 
Other (please specify) ... . . . ... . .................. . . . ... . .......... 0 Yes 0 No 0 Both/mixed 
. . . . . . . . . . . . . . . . . . . . . . . . . .................. . . . ...................... 0 Yes 0 No 0 Both/mixed 
.................... . .................................................... 0 Yes 0 No 0 Both/mixed 
pto 
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3.3 In your opinion, what are the advantages and the disadvantages of having an in-house CES, as 
opposed to outsourcing equipment management and maintenance services? 
Advantages of in-house CES 
Disadvantages of in-house CES 
[QUEST4] 
4. ASSESSMENT OF SERVICE PROVIDED BY CLINICAL ENGINEERING 
SERVICE 
The following set of questions focuses on your assessment of the service provided by aCES. 
Please answer as much of this section as you can. If you are unable to answer any questions, 
please move on to Section 5. 
a). In your opinion, what impact does the servjce provided by a CES have on clinical procedures 
specifically, or on health care service delivery generally, at a health facility as a whole? 
b) In your opinion, what would be the implications of not having an in-house CES at all (e.g. 
outsourcing all medical equipment management and maintenance functions)? 
c) What you believe to be understood by the term "Quality ofServjce" with respect to aCES? 
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5. CES PERFORMANCE AND SUSTAINABILITY 
The following set of questions focuses on YOllr assessment of tlte performance and suslaillability of CES's. 
5.1 Performallce 






5.2.1 Would you consider the CBS service to be a 'core' healthcare function? 
o Yes 0 No 
Please elaborate on your answer. 
5.2.2 a) Do you see the CBS's surviving in the next 5,10 or 15 years? 
(Please tick [./] mosl approprillle box) 
o Yes, 5 years 0 Yes, 10 years 0 Yes, 15 years 0 Not at all 
b) What institutional, organisational or environmental factors would support tbe 
existence of CES' s ? 
What institutional, organisational or environmental factors would hinder the existence ofCES's') 
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• p ...... t z······ 1"'····6 •. 8' \ ::.:. 
...~:r/tJ"Jtge.~ t() '! 
CLINICAL ENGINEERING SERVICE INDICATORS 
The main objective of the study is to develop and test a set of comprehensive key indicators to describe the 
performance of clinical engineering services which can be used in assessing their sustainability. (An indicator 
is an objeclive, quantitative variable that indicates or shows a given situation, and thus can be used to 
measure change. 11 is objective in that the same measurement can be obtained by diJJerent observers). The 
critical indicators identified should facilitate standardisation of clinical engineering services; as well as 
allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators derived from the available literature and current best practice, in 
no particular order. For each of the proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and circle it [ 
e.g.C}'i;] next to the statement. If you are uncertain of the relevance of the indicator- please select the 'Don't 
know' i.e. (0) option. 
'r . ... . 
· ndjcatotS 
Inability to perform clinical procedures or extension 
0 1 2 3 4 5 
of atient s due to medical malfunction 
2 Patient (or operator) injury due to medical equipment 
malftmction or unavailabil" 
0 1 2 3 4 5 
3 Patient (or operator) injury due to medical equipment 
0 1 2 3 4 5 
nus 
4 Number of equipment malfunctions caused by user 
0 
error/misuse or abuse 
1 2 3 4 5 
5 Type and munber of medical equipment supported by 
CES 
0 1 2 3 4 5 




0 1 2 3 4 5 
10 
0 1 2 3 4 5 
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11 Relative munber of different categories of CES 
ersonnel . technicians, artisans etc. 
o 
J6 Salaries and career paths of CES technical staff vs. 
0 1 
other healthcare workers 
2 3 4 5 
17 Salaries and career paths of CES technical staff vs . 
similar employees in competing sector 0 1 2 3 4 5 
(public/private) 
18 Allocated CES budget per year (as a percentage of 
0 
the s 
1 2 3 4 5 
19 Cost (labour and 0 verhead) per hour per CES 
0 1 2 3 4 5 
1 3 4 5 
21 Cost of CES support as a percentage of capital cost 
0 1 3 4 5 
of orted medical 
2 
22 Cost of in-house service vs. cost of outsourced 
0 1 2 3 4 5 
servlce e 
23 Inventory of spare parts per equipment value 
28 Degree of compliance that has been achieved with the 
0 1 2 3 4 5 
established schedule forrolltine IPM Irs 
29 Percentage of IPMs/repairs perfonued in-house vs. 
0 1 2 3 4 5 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/repairs checked by in-house CES before 0 1 2 3 4 5 
to clinical environment 
32 IPM s/repairs conducted in accordance with 
manufacturer's recommendations, as specified in 0 1 2 3 4 5 
service manuals 
33 Evidence of proper documentation of all work done 
by CES (e.g. service histories), providing sh'ategic 
0 1 2 3 4 5 
and operational evidence relating to safety, cost-
effectiveness lacement needs etc 
I IPMs = Inspection and Preventive Maintenance procedures 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (Please tick [./ lone box only next to each 











0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
0 Neutral 0 Important 0 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please return the completed questionnaire to the address (or fax number) indicated below, by Ef~4~Y·Jffl.~~~, 
.' Hettlfhcare Tecli~ology ~anagemeJlt (fI:WMJ Programme ' ... . ... 
~~'~~~~iae~~~\~rtl~n :).:: .... :: . ~~:t: ::. ,+Z'i21+J87Z26 
An?ipRg~qi Q~~{iJ9~y7Qg-~ : -. __ " : ••• • ·'n •.. X6i: :::::±g72t4P§ .. (j$:4~ ·01' 4Qf{6MS 
$pJ@A¥iql,, ' " ::. :'-" :': --:: - ,:" .•••• ', - 1$-ma4( -rut¢ndq@'¢9tWAAt(·W;C®.za:. 
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Dl 
Dl Frequency Tables of Services Provided by CES's 
SERVICI: Strategic technology needs assessment and planning 
Frequency Percent 
o (Not provided by CES) 19 67.85714 
1 (Provided by CES) 9 32.14286 
Total 28 100 
SERVIC2: Technology assessment 
Frequency Percent 
o (Not provided by CBS) 19 67.9 
1 (Provided by CES) 9 32.1 
Total 28 100 
SERVIC3: Specification, evaluation and procurement of equipment 
Frequency Percent 
o (Not provided byCES) 11 39.3 
1 (Provided by CES) 17 60.7 
Total 28 100 
SERVIC4: Asset/inventory management 
Frequency Percent 
o (Not provided by CES) 18 64.3 
I (Provided byCES) 10 35.7 
Total 28 100 
SERVIC5: Review of equipment replacement needs 
Frequency Percent 
o (Not provided by CES) 12 42.9 
1 (Provided by CES) 16 57.1 
Total 28 100 
SERVIC6: Cost of ownership monitoring 
Frequency Percent 
o (Not provided by CES) 22 78.6 
I (Provided by CES) 6 21.4 
Total 28 100 
SERVIC7: Management of service contracts 
Frequency Percent 
o (Not provided by CES) 8 28.6 
1 (Provided by CES) 20 71.4 
Total 28 100 
D2 
SERVIC8: Project management 
CO(Notprovided by CBS) 
Frequency Percent 
23 82.1 
1 (Provided by CES) 5 17.9 
Total 28 100 
SERVIC9: Facilities and ptant management and maintenance 
Frequency Percent 
o (Not provided by CBS) 22 78.6 
[ (Provided by CES) 6 21.4 
Tota[ 28 100 
SERVICI0: Training equipment users 
I FreQuency Percent 
i 0 (Not provided by CES) 16 57.1 




SERVICll: Risk management 
Frequency Percent 
OJNot provided by CBS) 24 85.7 
1 (Provided by CBS) 4 14.3 
Tota[ 28 100 
SERVIC12: Safety checks 
Frequency Percent 
OJNot provided by CBS) 14 50.0 
1 (Provided by CBS) 14 50.0 
Total 28 100 
SERVIC13: Accep[ance testing (incoming inspections) 
,---
Frequency Percent 
f-;;--; o (Not provided by CBS) 13 46.4 
1 (Provided by CBS) 15 53.6 
Total 28 [00 
SERVIC14: Inspection and preventive maintenance (IPM) 
Frequency Percen t 
o (Not provided by CBS) 15 53.6 
1 (Provided by CBS) 13 46.4 
Total 28 100 
D3 
SERvrCI5: Corrective maintenance (repair) 
F r:<"l u e~C)C Percent 
a (Nol provided by CES) 8 28 .6 
I (Provided by CES) 20 71.4 
Total 28 lOa 
SERVICI6: Equipment performance monitoring 
r Frenuency Percent 
a (Nol provided by CES) 19 67.9 
1 (Provided by CES) 9 32.1 
Tolal 28 100 
SERVIC 17: Functional or calibration checks 
Frequency Percent 
a (Nol provided by CES) 16 57.1 
1 (Provided by CES) 12 42.9 
Total 28 100 
SERVICI8: Quality assurance and improvement 
_Frequency Percent 
a (NOI provided by CES) 18 64.3 
1 (Provided by CES) 10 35.7 
Total 28 100 
SERVICI9: Research and development/modification of equipment 
Freouency Percent 
a (Not provided byCES) 23 82.1 
1 (Provided by CES) 5 179 
Total 28 100 
SERVIC20: IT/Computer hardware and networks 
!'reouen cy Percent 
a (Not provided by CES) 21 75.0 
1 (Provided by CES) 7 25.0 
I Total 28 100 
SERvrC21: Telecommunications 
Frequency Percent 
a (Not provided by CES) 17 60.7 
I (Provided by CES) II 39.3 
Total 28 100 
D4 
SERV!C22: Financial management ofCES 
Frequency Percent 
Q (Not ~ro'~ded by CES) 28 100 
I (Provided by CES) 0 0 
TOIaI 28 100 
SERVIC23: Configuration of medical equipment 
-
Frequen cy Percent I 
o (Not provided by CES) 27 96.4 l 
1 (Provided byCES) I 3.6 I 
TOIaI 28 100 I 
SERVIC24 : Incident ev aluation an d reporting 
Frequency Percent 
o (Not provided byCES) 28 100 
I (Provid ed by CES) 0 0 
Total 28 100 
D2 Descriptive Statistics: Ratings of CES Services 
Valid N Median Minimum Maximum Ranee Std.Dev. j 
SERVICl 28 4.0 0 5 5 2.24 
SERVICl 28 4.0 0 5 5 2.23 
SERVIO 28 4.0 0 5 5 1.84 
SERVIC4 28 4.0 0 5 5 2.09 
SERV!CS 28 4.0 0 5 5 1.91 
SERVIC6 28 3.0 0 5 5 2.02 
SERVIC7 28 4.0 0 5 , 5 1.47 
SERVIC8 28 2.0 0 5 5 1.89 I 
SERVIC9 28 2.5 0 5 5 2.08 
SERVrCIO 28 4.0 0 5 5 1.94 
SERVICU 28 2.5 0 5 5 2.05 
SERVICI2 28 5,0 0 5 5 2,25 
, 
SERVJC13 28 4,0 0 5 5 2,15 
SERVICJ4 28 4,5 0 5 5 2.28 
SERVICIS 28 5,0 0 5 5 1. 73 
SERVIC16 28 4,0 0 5 5 209 I 
SERVIC17 28 4,5 0 5 5 2. 19 
SERVICI8 28 4,0 0 5 5 2.20 
SERVrCJ9 28 3.0 0 5 5 1.8 1 
SERVIC20 28 3.0 0 5 5 1.81 
SERVIC21 28 3,0 0 5 5 2.01 
SERVIC22 28 0,0 0 5 5 .94 
SERVIC23 28 0,0 0 1 1 .19 
~VIC24 28 I 0,0 0 0 0 i 0.00 I 
05 
D3 Factors With Significant Impact to CES SustainabiIity (QUEST2 
Section 5.3a) 
SFACT1: Adequate physical infrastructure 
Freouencv Percent 
o (no significant impact) 2 222 
I (significantllJPact) 7 77. 8 
ToM 9 100 
SFACT2: Adequate financial resources 
Freouencv Percent 
o (no significant impact) 2 222 
I (significant impact) 7 77.8 
~ 9 100 
SFACT3: Adequate human resources 
1 Freouencv Percent 
I 0 (no significant impact) 3 33.3 
I I (significant impact) 6 66. 7 
1 Total 9 100 
SFACT4: Management/strategic commitment 
Freouencv Percent 
o (no significant impact) 2 22.2 
I (significant impact) 7 77.8 
Total 9 100 
SFACTS: Conducive environment 
1 Percent 
o (no significant imllact) 1 3 33.3 
I (significant impact) 16 66.7 
Total 19 100 
SFACT6: Legal framework 
Frequencv Percent 
o (no signiJicant impact) 4 44.4 
I (significant impact) 5 55.6 
Total 9 100 
SFACT7: Logistics support 
Frequency Percent 
o (no significant impact) 2 22.2 
I (significant impact) 7 77.8 









SFACT8: Performance of technical staff 
Frenuencv Percent 
o (no significant impact) 2 22.2 
1 (significant impact) 7 77.8 I 
Total 9 100 I 
SFACT9: Stakeholder parlicipation 
Frenuencv Percent I 
o (no significant impact) 4 44.4 I 
I (significant impact) 5 55.6 I 
Total 9 100 I 
SFACTJO :Recognition of acceptance by clients 
Frequency Percent 
o (no significant impact) 3 33.3 
1 (significant impact) 6 66.7 
Total 9 100 
D4 Descriptive Statistics: Rating of Sustainability Factors 
I Factor Valid N Median Minimum Maximum Range Std.Dev. 
SFACTJ 9 4.0 4 5 I .44 
I SFACT2 9 5.0 4 5 1 .33 
SFACT3 9 5.0 5 5 0 0.00 
SFACT4 9 5.0 4 5 1 .53 
SFACT5 9 4.0 3 5 2 .50 
SFACT6 9 4.0 2 5 3 1.05 
SFACT7 9 4.0 4 5 I .44 
SFACT8 9 5.0 0 5 5 161 
SFACT9 9 4.0 0 5 5 1.56 
SFACTJO 9 4.0 0 5 5 1.61 
D7 
DS Trends Affecting CES: Frequency Tables 
TREND 1: Downsizing 
Frequencv Percent 
o (CES not affected by trend) 3 33 .3 
1 (CES affected by trend) 6 66.7 
Total 9 100 
TREND2: Economic rotionalisotion 
Freg u en cv Percent 
o (CES not affected by trend) 5 55.6 
1 (CES affected by trend) 4 44.4 
Total 9 100 
TREND3: Outsourcing 
Frequeney Percen t 
o (CES not affected by trend) 4 44.4 
I (CES affected by trend) 5 55.6 
Total 9 100 
TREND4: Totol Quality Management 
Frequency Percent 
o (CES not affected by trend) 7 77.8 
1 (CES affected by trend)_ 2 222 
Total 9 100 
TRENDS: Benchmarking 
Frequency Percent 
o (CES not affected by trend) 9 100 I 
1 (CES affected by trend) 0 0 I 
Total 9 100 I 
TREND6: Re-engineering 
I FreQuencv I Percent 
I 0 (CES not affected by trend) 9 I 100 
I 1 (CES affected by trend) 0 10 
I Total 9 I 100 
TREND7: Globalisotion 
Freaueney Percent 
o (CES not affected by trend) 9 100 
1 (CES affected by trend) 0 0 
Total 9 100 I 
D8 
D6 General CES Performance/Sustainability Factors: Frequency 
Tables 
FACTOR!: Risk and safety management programme 
Significant Imnac!? Freouencv Percent 
No 2 222 
Ves 5 55.6 
No answer 2 222 
Total 9 100 -
FACTOR2: Quality assurance programme 
Sienificant Imoact? Freq ue9CY Percent 
No 1 11.1 -
Ves 7 77.8 -
No answer 1 11.1 
Total 9 100 
FACTOR3: Hazard notification system 
SiOnificant Im~act? FreQuency Percent 
No 2 22.2 -
~ 4 44.4 
No answer J 33.3 
Total 9 100 -
FACTOR4: Incident investigation system 
SiOnificant Imnact? Freouency 
-
Percent 
No 2 22.2 
Ves 4 44.4 
No answer J JJ.J -
Total 9 100 -
FACTORS: Adequate functional test eqUipment 
Sienificant Imoact? FreQuency Percent 
No 1 11.1 
Ves 6 66.7 -
No answer 2 222 
Total 9 100 
FACTOR6: Spare parts for common repairs 
Sienificant Irrmact? Frequency Percent 
No 1 III 
Yes 8 88.9 
LIotal 9 100 
D9 
I 
FACTOR7: Medical equipment training/re-training programmes 
Significant Impact? Frequencv Percent 
No 1 11.1 
Ves 7 77.8 
No answer 1 11.1 
Total 9 100 
FACTORS: Service manuals for all med equip 
Significant Impact? Frequency Percent 
~o 1 III 
Ves 8 88.9 
Total 9 100 
FACTOR9: Operator/user manuals for all med equip 
Significant Impact? Frequency Percent 
No 1 11.1 
Ves 7 77.8 
No answer 1 I 1.1 
Total 9 100 
FACTORlO: Inventory asset register 
Significant Impact? Frequency Percent 
No 1 III 
Ves 6 66.7 
No answer 2 22.2 
Total 9 100 
FACTOR11: Computerised & updated med equip inventory 
Significant Impact? Frequency Percent 
No 1 ILl 
Ves 7 77.8 
No answe( 1 III 
Total 9 100 I 
FACTORl2: Management decisions based on inventory and service histories 
Significant Impact? Frequency Percent 
No 2 22.2 
Ves 5 55.6 
No answer 2 22.2 
Total 9 100 
FACTORl3: Client satisfaction surveys performed 
Significant Impact"! Frequency Percent I 
No 2 22.2 I 
Ves 4 44.4 I 
I No answer 3 33.3 I 
, Total 9 100 I 
010 
FACTOR14: Participation and communication with stakehotders 
Significant Impact? Frequency Percent 
No a a 
Yes 7 77.8 
No answer 2 22.2 
Total 9 lOa 
FACTOR] 5: Accessibility of CES personnel after hours 
Significant Impact? Frequency Percent 
No I III 
Yes 6 66.7 
No answer 2 222 
Total 9 100 
FACTOR16: Criteria for ind/excl med equipment into MEM&M programme 
_~lgnificant Impact? F,equency Percent 
No 1 ll] 
Yes 4 44.4 
No answer 4 44.4 I 
Total 9 100 I 
FACTOR]7: Continuous Quality Improvement programme 
Significant Impact? Frenuency Percent 
i No 1 11.1 
I Yes 5 55.6 
I No answer 3 33.3 
-
I Total 9 100 
Dll 
D7 Descriptive Statistics: CES Indicators (Part 2: QUEST 1 - 4) 
Valid N Median Minimum M3ximum Ran~e Std.Dev. 
INDIC I 30 5.0 0 5 5 1.32 
INDIC 2 30 5.0 0 5 5 1.58 
INDIC 3 30 4.5 0 5 5 1.74 
INDIC 4 30 4.0 0 5 5 1.78 
INDICS 30 4.0 I 0 5 5 1.59 
INDIC 6 30 4.0 0 5 5 1.61 
INDIC 7 30 4.0 0 5 5 150 
INDICS 30 5.0 0 5 5 1.32 
INDIC 9 30 4.0 0 5 5 1.54 I 
INDIC 10 30 4.0 0 5 5 1.47 
INDIC 11 I 30 4.0 0 5 5 1.46 
INDIC 12 30 4.0 0 5 5 1.54 
INDIC 13 , 30 3.5 I 0 5 5 1.63 
INDIC 14 30 4.0 0 5 5 1.67 
INDIC 15 30 3.5 0 5 5 1.53 
INDIC 16 30 4.0 0 5 5 1.63 
INDIC 17 30 4.0 0 5 5 175 
INDIC IS 30 5.0 0 5 5 135 
INDIC 19 30 4.0 0 I 5 I 5 1.72 
INDIC 20 30 4.0 0 I 5 5 1.59 
INDiC 21 30 4.0 0 5 5 1.74 
INDIC 22 30 5.0 0 5 5 1.67 
INDIC 23 30 4.0 0 5 5 1.56 
INDIC 24 30 5.0 0 5 5 .97 
INDIC 25 30 4.0 0 5 5 1.38 
INDIC 26 30 4.0 0 5 5 1.41 
INDIC 27 30 4.0 0 5 5 1.46 
INDIC 28 30 4.0 0 5 5 1.59 
INDiC 29 30 4.0 0 5 5 1.67 I 
INDIC 30 30 4.0 0 5 5 1.67 
INDIC 31 30 4.0 0 5 5 1.48 
INDIC 32 30 4.0 0 5 5 1.42 
INDIC 33 30 4.0 0 5 5 1.28 
D12 
D8 Descriptive Statistics for Individual Target Groups 
DB.1 Descriptive Statistics: Institutional Management Indicator Ratings 
Valid N Median Minimum Maximum Range Sld.Dev. 
INDICI II 5.0 0 5 5 1.56 
INDIC2 II 5.0 0 5 5 1.95 
INDIC 3 11 • 4.0 0 5 5 1.86 I 
INDIC 4 11 4.0 0 5 5 1.70 I 
INDICS II 4.0 0 5 5 1.78 I 
INDIC6 11 4.0 0 5 5 1.78 
INDIC7 11 4.0 0 5 5 2.00 
INDIC8 II 5.0 0 5 5 lA9 
INDIC9 II 4.0 0 5 5 1.90 
INDIC 10 II 4.0 0 5 5 1.90 
INDIC 11 11 40 0 5 5 1.76 
INDIC 12 , 11 4.0 0 5 5 1.64 
INDIC 13 11 3.0 0 4 4 1 A3 
INDIC 14 II 4.0 0 5 5 1.64 
INDIC IS 11 3.0 0 5 5 1.58 
INDIC 16 11 4.0 0 5 5 1.72 
INDIC 17 11 4.0 0 5 5 I 1.79 , 
INDIC 18 II 5.0 0 5 
I 5 1.54 I 
INDIC 19 II 4.0 0 5 5 1.81 
INDIC 20 II 3.0 0 4 4 1.54 
INDIC 21 II 3.0 0 5 5 1.73 
INDIC 22 II 4.0 0 5 5 1.86 
INDIC 23 II 3.0 0 5 5 1.61 
INDIC 24 I \ 5.0 4 5 I AO 
INDIC 25 II 4.0 0 5 5 1.81 
INDIC 26 II 4.0 0 5 5 135 
INDIC 27 \1 4.0 0 5 5 1.47 -
INDIC 28 11 4.0 0 4 4 1.55 
INDIC 29 11 4.0 0 5 5 IA4 
INDIC 30 \l 4.0 0 5 5 1.72 
INDIC 31 II 4.0 0 5 5 lA8 -
INDIC 32 II 4.0 0 5 5 135 -
INDIC 33 11 4.0 0 5 5 1.45 
D13 
DS.2 Descriptive Statistics: CES Personnel Indicator Ratings 
Valid N I Median Minimum Maximum Ran~e Sld.Oev. 
lNDICl 9 5.0 4 5 1 .50 
INOIC 2 9 5.0 4 5 I 1 .50 
lNOIC 3 9 5.0 4 5 1 .44 
INDIC4 9 I 5.0 0 5 5 1.69 
INDICS 9 4.0 4 5 1 .53 
INOIC 6 9 4.0 4 5 1 .53 
INDIC 7 9 4.0 4 5 1 .44 
INDIC8 9 5.0 4 5 1 .44 
INDIC9 9 4.0 1 5 4 1.32 
lNOIC 10 9 4.0 3 5 2 .67 
lNDIC 11 9 4.0 1 5 4 1.12 
INOIC 12 9 4.0 1 5 4 1.20 
INDIC 13 9 4.0 4 5 1 .53 
INDIC 14 9 4.0 4 5 1 .53 
INOIC 15 9 4.0 3 5 2 .78 
lNDIC 16 9 5.0 2 5 3 1.01 
INDIC 17 9 5.0 2 5 3 1.01 
INDIC 18 9 5.0 4 5 1 .50 
lNOIC 19 9 4.0 1 5 4 1.09 
JNDIC 20 9 4.0 4 5 I .44 
INDIC 21 9 5.0 4 5 1 .50 
lNOIC 22 9 I 5.0 4 5 1 .33 
JNDIC 23 9 4.0 I 5 4 117 
lNDIC 24 9 4.0 4 5 I .53 I 
lNDIC 25 9 4.0 3 5 2 .60 
INDIC 26 9 4.0 3 5 2 .50 
INOIC 27 9 4.0 4 5 I .53 
lNOIC 28 9 4.0 4 5 I .44 
JNDIC 29 9 4.0 1 5 4 1.22 
lNDIC 30 9 4.0 1 5 4 1.27 
INDIC 31 9 4.0 3 5 2 67 
JNOIC 32 9 5.0 3 5 2 .87 
INOIC 33 9 5.0 4 5 I .53 
D14 
D8.3 Descriptive Statistics: CES Clients I ndicator Ratings 
ValidN Median Minimum Maximum Ran~e Sld.Dev. I 
INDlC I 8 5.0 a 5 5 1.77 I 
INDIC 2 8 4.0 a 5 5 1.85 
INDlC 3 8 4.5 a 5 5 1.93 
INDIC 4 8 4.0 a 5 5 2.17 
INDIC 5 8 3.5 a 5 5 1.89 
INDIC 6 8 4.0 0 5 5 212 
INDIC7 8 4.0 a 5 5 1.51 
INDIC B 8 5.0 0 5 5 \.82 
TN DIC 9 8 3.5 0 5 5 1.55 
INDIC 10 8 4.0 0 5 5 1.69 
INDIC II 8 3.0 0 4 4 1.28 
INDIC 12 8 35 a 5 5 1.55 
INDIC 13 8 2.5 a 5 5 1.92 
INDIC 14 8 3.5 0 5 5 2.12 
INDIC 15 8 3.0 a 4 4 1.69 
INDIC 16 8 3.0 0 4 4 1.69 
INDIC 17 8 4.0 a 4 4 2.07 
INDIC 18 8 4.5 0 5 5 1.83 
INDIC 19 8 4.0 0 5 5 2 .19 
INDIC 20 8 3.0 0 4 4 1.8 1 
INDIC 21 8 3.0 0 5 5 2.07 
INDIC 22 8 4.0 a 5 5 2.13 
INDIC 23 8 4.0 a 4 4 1.81 
I INDIC 24 8 5.0 a 5 5 1.73 
INDIC 25 8 3.5 a 5 5 1.49 
INDIC 26 8 3.5 a 5 5 1.8 9 
INDIC 27 8 4.0 a 5 5 2.12 
INDIC 28 8 4.0 0 5 5 2.19 
INDIC 29 8 4.0 0 5 5 2.19 
INDIC 30 8 3.5 0 5 5 1.89 
INDIC 31 8 4.0 0 5 5 2.12 
INDIC 32 8 5.0 0 5 5 1.8 1 I 
INDIC 33 8 4.0 0 5 5 1.67 I 
DI S 
D8.4 Descriptive Statistics: International Experts Ratings 
Valid N Median Minimum Maximum Range Std.Dev. 
INDICI 2 4.5 4 5 1 .7 1 
INDIC2 2 4.5 4 5 1 .7 1 
INDIC 3 2 2.0 0 4 4 2.82 
INDIC4 2 4.0 4 4 0 0.00 
INDICS 2 3.0 2 4 2 1.41 
INDlC 6 2 4.0 4 4 0 0.00 
INDIC 7 2 3.5 3 4 1 .71 
lNDIC 8 2 4.0 4 4 0 0.00 
INDIC 9 2 3.5 3 4 I .71 
INDIC 10 2 3.5 3 4 I .71 
INDIC 11 2 2.5 1 4 3 2.12 
INDIC 12 2 1.5 0 3 3 2.12 
INOlC 13 2 1.5 1 2 I .71 
INDIC 14 2 2.5 1 4 3 2.12 
INOlC 15 2 2.5 1 4 3 2.12 
INDIC 16 2 3.5 3 4 I .71 
lNDIC 17 2 3.5 3 4 I .71 
INDIC 18 2 4.0 4 4 0 0.00 
INDIC 19 2 4.5 4 5 I .71 
INDIC 20 2 1.5 I 2 1 .7 1 
lNDIC 21 2 2.5 2 3 I .71 
INDIC 22 2 5.0 5 5 0 0.00 I 
INDIC 23 2 2.0 I 3 2 1.41 
INOlC 24 2 4.5 4 5 I .71 
INDIC 25 2 3.0 2 4 2 1.41 
INDIC 26 2 2.5 I 4 3 2.12 
INDlC 27 2 4.0 4 4 0 0.00 
lNDIC 28 2 2.5 I 4 3 2.12 
INDIC 29 2 2.5 1 4 3 212 
INDiC 30 2 2.5 I 4 3 2.12 
INDIC 31 2 4.0 3 5 2 1.4 1 
INDIC 32 2 3.0 I 5 4 2.83 
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UNIVERSITY OF CAPE TOWN/ GROOTE SCHUUR HOSPITAL 
Participating Centre: in MR(:/WH{) Collaborating r.entre for Essential Technologies in Health 
\ Questionnaire: PERFORMANCE AND SUSTAINABILITY OF CLINICAL ENGINEERING SERVICES
As part of the focus on improved perfo1mance of health systems (WHO World Health Report, 
2000), we wish to establish indicators for the perfo1mance and sustainability of Clinical 
Engineering Services t as an integral part of cost-effective service delivery. These indicators will 
form one component of a tool for assessment and comparison of Clinical Engineering Services in 
different settings, with the overall aim of improving the performance and quality of healthcare 
delivery. This study follows and complements earlier work by Frize ( 1990) and Glouhova et al
(1999). 
The main data gathering instrument is a set of 4 questionnaires, directed at four key target groups: 
• Institutional/ health facility management (including nursing management);
• Personnel (both managerial and technical) of Clinical Engineering Services;
• Clinical Engineering Service Clients, i.e. clinical departments providing healthcare
services, and
• Representatives of national/provincial ministries of health and international HTM
expe1ts (including representatives of multilateral organisations and bilateral agencies, as
well as technical consultants).
This is an open invitation to all interested parties to pat1icipate in this study. We look forward to 
receiving your valued input and insights. 
Mladen Poluta and Rutendo Ngara 
Healthcare Technology Management (HTM) Programme 
Groote Schuur Hospital/ University of Cape Town & 





+27 21 406-6549 or 406 6545
+27 21 448 7226
rutendo(1y,com1ack. uct. ac. Zq 
Dept. of Human Biology 
UCT Health Sciences Faculty 
Anzio Road, Observatory 7925, SOL 1·H AFRICA 
t Units responsible for providing medical equipment and maintenance services are known variously as Clinical 
Engineering Departments. Health Care Technical Services, Medical Physics Departments, Biomedical 
Technology/Engineering Services, Medical Equipment Workshops, etc .. and may be located within a health facility or 
outside as a shared/ regional resource centre. 
Signatures Removed

Instructions for completing the questionnaires 
1. Save the attached coveling letter as 'covlet.doc'. You may wish to plint this document <:lS it 
contains a Glossary of TelIDs, useful to refer to while completing the questionnaire. 
2. Open the attached questionnaires (created in MS Word 2000 and saved as Templates). 
3. For each: 
• On the File menu, click Save As. 
• In the File name box, save the questionnaires, where applicable, as: 
1. 'Qle_MAN.doc' for Institutional Management [Questl] 
2. 'Q2e_CED.doc' for CES Management & Personnel [Quest2] 
3. 'Q3e_CLI.doc' forCES Clients [Quest3] 
4. 'Q4e_EXP.doc' for Ministries ofHealth/HTM Expelts [Quest4] 
4. Fill in the questionnaire by entering information in each grey-shaded fOIID field. (A form 
field is a location where a palticular type of data is stored. FOIID fields include text boxes to 
fill in, check boxes to select or clear, and dropdown list boxes, from which to select items. 
In this questionnaire all three types aloe used). 
S. You can move from field to field by positioning your mouse cursor and clicking at the 
required field. You can also use the TAB (to move forward) and SHIFT + T AB (to move 
backwards), or the arrow keys to move between fields. 
6. Please read the instlUctions given with each question carefully. You can go back and 
change answers if you so wish. You may, of course, also save the file, and retum to the 
questionnaire at a later time. 
7. Please note that the check boxes in this questionnaire are not mutually exclusive. If you 
wish to change an answer for a question where the instruction says (Please check [i .e ~l one 
box only). you will need to clear the incorrect answer first, by clicking it with your mouse. 
8. Once you have completed the questionnaire, on the File menu, click Save. 
9. Please email the completed questionnaires - preferably zipped - as an attachment to 
rut~D.ct9@.9.9.D:n~1:9.k .. l,!~L~~g:.1:.4.:. Please include the filename/s in the subject box 
Note1: 
Note2: 
If you do not know what to enter in a fOIID field, click the [OIID field, and then 
check the status bar or press Fl. The designer of the fOlID may have added text to 
assist you . 
You can also plint out the fOlID and complete it by hand . In this case please fax 




TARGET GROUP: INSTIT1JTIONAL MANAGEMENT (including Nursing Management) 
In order to amwer the questiOllnaire, please dick in the grey-shaded answer fields 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Engineering Service supporting it. 
1.1 Please complete the following: 
(If you preter to remain anonymous, please indic.ate your position or job description and country in the spaces provided) 
Surname I 
~--------------~ 
First NamelInitia1 '---I ________________ ---.JI TitleLI ______ ----' 
or D Anonymous 
Position/Job Description 
Country 
'(rheJ01IoWrrig.i~f()nri4iidn: . bts~o=P=iJ='Q=.n=61=9=.".'= ... . =. =~~~~===~~~~~===~--~,--l ....... ,.:,. 
· fustihitibilJHp~pital 
Eiii~iJaddiiess .. 
:.:..:. .... .. jL7'-L'-'L7''-L'-'L'',l'-L'-''-L'-''-L'-''-L'-''-L'-''-L'-''L-'r~'-L'-''-L'-'~'-L'-''-L'-''-L'-'~'7'7-----'''-+~----''~.;#.. +"';~ __ ~-"'.: 
td.¢pl~qne •. ••. ",""""':""';~+""'''"''F''':''''';~=+'''''=c,;.:.;.:.l=...:.....;,,,-,-,,~~~~==...:.....;~==,--=c.c.:.;,..=m 
.·::·1§stil.la~c4~r· =",,-~;.;.;.;.;.:.;==;,,;,;,,;,,~.:.:.:.:.:.:.:===i'-""'':':':':;':';~=~=======''-''+'== 
¢tty:: .. :. 
~~~--~--~----~~--~~ 
1.2 a) What type of health facility is your institution? 
2 
3 
(Please select one option from drop-down menu or fill in 'Other' field) 
(Please select one option( 
Other (please specify) l 
~------------------------------------------~ 
b) What is the number of beds supported by the health facility? (please check [i.e. ~] one box only) 
D < 100 
D 751 - 1000 
D 100-250 
D 1001 - 2000 
D 251 - 500 D 501 -750 
D > 2000 (please specify) 
c) Is your health facility a public sector or private sector institution? (Please check [i.e. ~] one box only) 
D Public sector institution 
D Private sector institution 
D Other (please specify) 1-1 ----------------------, 
1.3 a) Is your institution supported by an in-house clinical engineering service (CES) or 





D External CES (>I<regional or centralised workshop/service) 
D Combination of in-house and external CES 
D Not supported at aJi 
SUSTAlNABILITY OF IN-HOUSE CLINICALENGINEERlNGSERVICES 
Please continue Section I on Page 2 
10f9 
[QUESTlj 
b) Does the CES exist as a separate unit (e.g. Clinical Engineering Department, Health Care 
Technical Service, etc.) or part of another department (e.g. Hospital Engineering)? 
(Please check [i.e. C8'J] one box only, and fill in text field) 
o Separate unit, called 
o Part of another department (Please specify) 
c) To whom does the CES report? 
2. MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICE 
• The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
• If your institution is supported by an in-house CES, please answer as much of this section as you 
can. 
• If your institution does not have an in-house CES, please move on to Section 3. 
2.1 a) Are you aware ofthe mission statement of the Clinical Engineering Service (CES) 
supporting your institution? 
DYes o No 0 I don't know 
b) In your opinion, what would be an appropriate mission statement for aCES? 
2.2 a) To the best of your knowledge, does the CES have an appropriate strategy (or business plan) to 
achieve its mission? 
DYes o No 0 I don't know 
b) In your opinion, what would be appropriate objectives in such a plan? 
c) If it exists, does this strategy support the overall strategic plan of your institution? 
DYes o No o 1 don't know 
Please proceed to Section 3 on page 3 
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[QUESTlj 
3. SERVICE PROVIDED BY CLINICAL ENGINEERING SERVICE 
• The following set of questions focuses on the services provided by the CES and the importance of these 
services to your institution 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 4. 



























services does the CES provide? ( Please c~eck [i.e. 0] relevant boxes on the left in the table below) 
NE.· The following terms are defined in the Glossary on page iii: technolo?y assessment, needs 
assessment, assetlinventolY management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, 
equipment performance monitoring, and quality assurance. 
Strategic technology needs assessment and planning ........... . 
Technology assessment. ................ . 
Specification, evaluation and procurement of equipment. ..... . 
AsseUinventory management. ...................................... . 
Review of equipment replacement needs ......................... . 
Cost of ownership monitoring ..................................... . . 
Management of service contracts .............................. . ... . . 
Project management. ................................................. . 
Facilities and plant management and maintenance .............. . 
Training equipment users ............................................ . 
Risk management. .......................... . .... .. ... . ....... .... .... . 
Safety checks ........................................... .. ... ...... .. .. . 
Acceptance testing (incoming inspections) ....................... . 
Inspection and preventive maintenance (lPM) .... . .......... . ... . 
Corrective maintenance (repair) .... 
Equipment performance monitoring ................. .. ............ . 
Functional or calibration checks ................................... . 
Quality assurance and improvement. .............................. . 
Research and developmenUmodification of equipment. ........ . 
IT/Computer hardware and networks ......................... .. . .. 
Telecommunications ..................................... . .. ........ . 
Other (please specifY) 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please pick a number from the scale below, to indicate how important you believe all the CE services 
listed in the table above would be to your healthcare institution. 
Please also rate those services that are not currently provided by the CES. 
(Please select one option from drop· down menu on the right in the table above) 
REMINDER: Have you rated all of the services as listed above? 
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3.2 a) To the best of your knowledge, are any ofthe following services outsourced to equipment 
suppliers/agents or third party service providers (e.g. commercial firm/shared service) ? 
(Please check [i.e. C8J] the relevant box in table below) 
I:· ................. 
.: :;::: .. 
SerVic~pro.vidM : ·· . 
..•.• 'it OL 
. .... Outs()IIrced?" . ... "','" ... ':'.' .. .. ::,::,::,;. :': . 
. i . n,~; ®J't~/~{1;; ' pqi :, .. .. 
l Training equipment users .................. ....... ....... D Yes D No D Both/mixed 
2 Acceptance testing (incoming inspections) ............ D Yes D No D Both/mixed 
3 Inspection and preventive maintenance (IPM) ......... D Yes D No D Both/mixed 
4 Corrective maintenance (repair) . . . . . . . . . . . . . . . . . ..... D Yes D No D Both/mixed 
5 Other (please specify) I 
I 
D Yes D No D Both/mixed 
6 
I 
D Yes D No D Both/mixed 
7 D Yes D No D Both/mixed 
3.3 In your opinion, what are the advantages and the disadvantages of having an in-house CES, as 
opposed to outsourcing aU equipment management and maintenance, as listed in Section 3.1? 
Advantages of in-house CES 
I I 
Disadvantages of in-house CES 
I I 
4. ASSESSMENT OF SERVICE PROVIDED BY CLINICAL ENGINEERING 
SERVICE 
• The following set of questions focuses on your assessment of the service provided by the CES. 
• Please answer as much of this section as you can. If you are unable to answer any questions, please 
move on to Section 5. 
4.1 Institutional Expectations of the Clinical Engineering Service 
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[QUESTl] 
4.1.2 In your opinion, what major factors contribute to your expectations of the CES not being met (e.g. 





4.1.3 In your opinion, what impact does the service provided by the CES have on (a) clinical procedures 
specifically, or on (b) health care service delivery generally, in your institution? 
a) 
b) 
4.1.4 In your opinion, what would be the implications of not having an in-house CES at all (e.g. 
outsourcing all medical equipment management and maintenance functions)? 
4.2 Quality of Service Provided 
4.2.1 What do you understand by the term "Quality of Service" with respect to aCES? 
4.2.2 Is the quality of other services within the healthcare institution assessed (e.g. through accreditation)? 
Please proceed to Section 5 on page 6 
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5. CES PERFORMANCE AND SUSTAIN ABILITY 
• The following set of questions focuses on your assessment of the performance and sustain ability of 
the CES supporting your institution 
• Please answer as much of this section as you can. If you are unable to answer any questions, please 
move on to Part 2. 
5.1 Performance 
a) How is performance of the CES currently assessed at your institution, if at all? 






5.2.1 Would you consider the CES service to be a 'core' function of your health care institution? 
DYes D No 
Please elaborate on your answer. 
5.2.2 a) Do you see the CES supporting your institution surviving in the next 5, 10 or 15 years? 
(Please check [i.e. ~] the relevant box) 
DYes, 5 years Dyes, 10 years DYes, 15 years D Not at all 
b) What are the institutional, organisational or socio-political environment factors that would suppor 
the existence of your CES? 
c) What are the institutional, organisational or socio-political environment factors that would 
hinder 
the existence of your CES? 
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[QUESTl] 
l~rt~(Pag~~7 (~9X · ... ................. ................................... .........." .. ................. : ........ , .............. ....... . . 
CLINICAL ENGINEERING SERVICE INDICATORS 
• The main objective of the study is to develop and test a set of comprehensive key indicators to describe 
the performance, cost- effectiveness and sustainability of clinical engineering services. 
• (An indicator is an obj ective, quantitative variable that indicates or shows a given situation, and thus can 
be used to measure change. It is objective in that different observers can obtain the same measurement). 
• The critical indicators identified should facihtate standardisation of clinical engineering services; as well 
as alJowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators (derived from the available literature and current best practice), 
in no particular order. For each ofthe proposed indicators please do the following: 
• Please pick a number from the scale to indicate bow important you believe tl1e measure to be and select it 
from the drop-down menu . If you are uncertain ofilie relevance oftbe indicator please select the 'Don't 
know' i.e. (0) option . 
Inability to perfonn clinical procedures or extension 
of due to medical malfunction 
2 Patient (or operator) injury due to medical equipment 
malftffiction or 
3 Patient (or operator) injury due to medical equipment 
tion 
4 Number of equipment malfunctions caused by user 
error/misuse or abuse 
5 Type and number of medical equipment supported by 
CES 
6 Percentage of medical equipment supported by CES 
that is . naL 
9 Certification and registra tion of CES persormell 
with rofessional b 
lO Evidence of continuing education! professional 
,....n',.,.,p'~t of CES ersonnel 
II Relative number of different categories of CES 
onne} . , technicians, artisans 
SUSTAINABILlTY OF IN-HOUSE CLINICAL ENGINEERlNGSERVICES 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
PI ease select one option 
Please select one option 
Please select one option 
Please select one option 
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12 Absenteeism of CBS personnel Please select one option 
J3 CBS staff1evels per number of beds Please select one option 
14 CBS stafflevels per number of medical devices Please select one option 
15 Working space (m2) per teclmical CBS staff Please select one option 
16 Salaries and career paths of CBS teclmical staff vs. 
Please select one option 
other healthcare workers 
17 Salaries and career paths of CBS teclmical staff vs. 
similar employees in competing sector Please select one option 
(public/private) 
*0:®t~tff;fm;;;:;:~:;I!;ftPEWF;~iilV~~r5tmlli1~:rt:~:mFr{tGmam~ff~~ij¥~hijS~#Mvj022€8ETit<i:ttr1;t!:tRt73~HtR[;;ruU0;Vrt9~~~lt 
18 Allocated CBS budget per year (as a percentage of 
Please select one option 
the supported equipment inventory value) 
19 Cost (labour and overhead) per hour per CBS 
Please select one option 
employee 
20 Cost of CBS service per bed supported Please select one option 
21 Cost of CBS support as a percentage of capital cost 
Please select one option 
of supported medical equipment, per equipment type 
22 Cost of in-house service vs. cost of outsourced 
Please select one option 
service per equipment type 
23 Inventory of spare parts per equipment value 
Please select one option 
supported 
.,;,1Rf01fflf1",Mmw""·"!iP"R' !1."Ui~'0K"1iVf1' " :CE$ :~jilS¥"""mh;;;"R" ;fi''''<,l;,t')11!l:'''''ht \,'BliP""················· ·;·········  <" t:fV ;.d:8\.,~ _ ~y_+L_. P ;ili~ ~~ .'_,_ ".' ,',_ ;:/;;' //, :: , ........ :" .  : ._. ,. _:""_' __ ,' c-ht~:g~V- : -, ;«~>;,\? ;--~S,:: , ~'''' ,:t~ , ~<. ~'t4N4-'t>~ .. x';';'!?Hm:; );:;~.; 
24 Response time to service requests Please select one option 
25 Percentage of time devoted to !PMs' vs. repairs Please select one option 
26 Total mnnber of lPMslrepairs performed per device 
Please select one option 
type per year 
27 Downtime of equipment due to !PMs/repairs Please select one option 
28 Degree of compliance that has been achieved with the 
Please select one option 
established schedule for routine lPMs/repairs 
29 Percentage of lPMslrepairs performed in-house vs. 
Please select one option 
outsourced 
30 Percentage and type of outsourced equipment 
lPMs/repairs checked by in-house CBS before Please select one option 
retwning to clinical enviromnent 
31 Percentage of repeat repairs Please select one option 
32 lPMslrepairs conducted in accordance with 
manufacturer's reconnnendations, as specified in Please select one option 
service manuals 
33 Bvidence of proper docwnentation of all work done 
byCES (e.g. service histories), providing strategic 
Please select one option 
and operational evidence relating to safety, cost-
effectiveness, replacement needs etc 
I IPMs = inspection and Preventive Maintenance procedures 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (Please check [i.e. [81] one box only next to 











D Neutral D lmportant 
Essential 
0 Neutral D lmportant 
Essential 
0 Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D lmportant 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please save the file as 'Qle_MAN.doc' and email thecompletedquestionnairetorutcndo@cormack.llct.ac.za at 
your earliest convenience. 
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(QUEST 2] 
TARGET GROUP: CLINICAL ENGINEERING SERVICE MANAGERS/PERSONNEL 
Part 1 (pages I 10 8) ... ~ 
In order to anSWfr th~ qnestiollnaire, plfasf dick in the grfy-shaoed :mswer fielos 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Eltgilteeriltg Service supporting it. 
1.1 Please complete the following: 
(rfyou prefer to remain anonymous, please indicate your position or job description and country in the spaces provided) 
Surname ,---I ________ ---'1 First NamelInitial '---I ________ ---.JI Title '---1 ___ _ 
or 0 Anonymous 
~:~~:r:JOb Description 1-------- - --- ------------------1 •
. ... ... ... (The. f olloWing iriformapof! is pptio.ntif) 
... . in~th{lti<mJJ:l()~pit~l 
'Ematta<t<ti'¢$S -
~~~~~~~~~=-~~~~~~~~~~~~~~~~~~~~~ , , ...... _-
. rel@hp1)~ 
. ,,. -,::,:::"::-:--":"-::: . 
............ Gi.t)' ... 
1.2 a) What type of health facility is your institution? 
2 
3 
(please select one option rrom drop-down menu or fill in 'Other' field) 
(Please select one option)f-_____________________ ----, 
Other (please specify) I 
'-------------------------~ 
b) Is your health facility a public sector or private sector institution? (please check [i.e. 1:8l] one box only) 
D Public sector institution 
D Private sector institution 
D Other (please specify) 
c) What is the number of beds supported by the health facility? (Please check [i.e. 1:8l] one box only) 
D < 100 
D 751 - 1000 
D 100-250 
D 1001 - 2000 
D 251-500 D 501 -750 
D > 2000 (Please specify) 
1.3 a) What is the number of devices supported by your CES? (please check [i.e. ~] one box only) 
D 1501 - 2000 D < 500 D 500 - 1000 D 10011500 
D 20013000 D 3001 -4000 D 4001 - 5000 
D > 5001 (Please specify) rl-----==----------,I D Don't Know 
Please continue Section I on page 2 
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b) What is the scope of service covered by your CES, in terms of types/range of equipment supported 
by your CES? 
c) What is the scope of service covered by your CES, in terms of service provided to other 
institutions? 
2. MISSION AND OBJECTIVES OF CLINICAL ENGINEERING SERVICE 
• The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
• Please answer as much of this section as you can. If you are unable to answer any questions please 
move on to Section 3 
2.1 a) Does your department have a documented mission statement? 
DYes D No D I don't know 
b) If'Yes', please specify. 
If 'No', what in your opinion, would be an appropriate mission statement for the CES? 
2.2 a) Does your CES have a documented strategy (or business plan) to achieve your mission? 
DYes D No D I don't know 
b) If'Yes',pleasespecify 
If 'No', what, in your opinion, would be appropriate objectives in such a plan? 
2.3 Do the CES' mission statement and strategy conform to the overall strategic plan of the hospital? 
(Please elaborate) 
Please proceed to Section 3 on page 3 
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3. SERVICE PROVIDED BY CLINICAL ENGINEERING SERVICE 
• The following set of questions focuses on the services provided by the CES and the importance of these 
services to your institution 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Section 4. 
3.1 a) To the best of your knowledge, which of the fonowing medical equipment management and maintenance 
services does the CES provide? ( Please check [i.e. (8]] relevant boxes on the left in the table below) 
NB: Thefollowing terms are defined in the Glossary on page iii: technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance. equipment 
performance monitoring. and quality assurance . 
.. ", ::." -: .. :. .. .,:-.' 

















































Strategic technology needs assessment and planning ..... . 
Technology assessment ............................................ . . 
Specification, evaluation and procurement of equipment. ..... . 
Asset/inventory management. ...................................... . 
Review of equipment replacement needs ................ . . . ...... . 
Cost of ownership monitoring ................ . . . ................... . 
Management of service contracts ................................... . 
Project management ............................................. . .... . 
Facilities and plant management and maintenance .............. . 
Training equipment users ..................................... .... .. .. 
Risk management. ............. . ........................... . . . . . ...... . 
Safety checks ................................................. . ... . .... . 
Acceptance testing (incoming inspections) ............ . .......... . 
Inspection and preventive maintenance (IPM) .................. .. 
Corrective maintenance (repair) ...................... . ........ . ... . 
Equipment performance monitoring ...... .. ......... .. .......... .. . 
Functional or calibration checks ................................... . 
Quality assurance and improvement. .............................. . 
Research and development/modification of equipment. ....... .. 
IT/Computer hardware and networks ............................. . 
Telecommunications ............................................ . .. .. 
Other (plea~e specifY) 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please pick a number from the scale below, to indicate how important you believe all the CE services 
listed in the table above would be to your healthcare institution. 
Please also rate those services that are not currently provided by the CES. 
(Please select one option ITom drop·down menu on the right in the table above) 
REMINDER: Have you rated all of the services listed above? 
Please continue Section 3 on page 4 
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3.2 To the best of your knowledge, are any of the following services ou/sourced to (i) equipment 
suppliers/agents or (ii) third party service providers (e.g. commercial firm/shared service)? 
(Please check [i.e. ~] one box only) 
Training equipment users ................................. D Yes D No D Both/mixed 
2 Acceptance testing (incoming inspections) ............ D Yes D No D Both/mixed 
3 Inspection and preventive maintenance (lPM) ....... . . D Yes D No D Both/mixed 
4 Corrective maintenance (repair) ........................ D Yes D No D Both/mixed 
5 Other (please specify) I D Yes D No D Both/mixed 
6 
I 
D Yes D No D Both/mixed 
7 D Yes D No D Both/mixed 
3.3 Please answer the following questions regarcting the service provided by your CES. 
3.3.1 Are there laid down procedures and guidelines for each activity? 
DYes D I don't know 
3.3.2 Who are the clientslcustomers receiving the service you provide? 
3.3.3 Do you know what your clients expect from the CES? 
3.3.4 Would there be any advantages of outsourcing any CES activities? 
Please proceed /0 Section 4 on page 5 
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4. PERFORMANCE OF CLINICAL ENGINEERING SERVICE 
• The following set of questions focuses on your assessment of the performance of your CES 
• Please answer as much of this section as you can. If you are unable to answer any questions, please 
move on to Section 5 
4.1 In your opinion, what impact does your CES have on the performance of the health care service 
delivery system or clinical procedures in your institution? 
4.2 To what extent is your service supported (or hindered) by external service providers (i. e. equipment 
suppliers or third party service providers)? 
4.3 a) How is performance currently assessed in your CES, if at all? 





5 SUSTAINABILITY OF THE CLINICAL ENGINEERING SERVICE 
• The following set of questions focuses on your assessment of the sustainability of your CES. 
• Please answer as much of this section as you can. If you are unable to answer any questions, please 
move on to Section 6. 
5.1 a) Do you see your CES surviving in the next 5, 10 or 15 years? (please cbeck [i.e. ~] relevant box) 
Dyes, 5 years D Yes, 10 years DYes, 15 years D Not at all 
b) What are the institutional, organisational or socio-political environment factors that would support 
the existence of your CES? 
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b) What are the institutional, organisational or socio-political environment factors that would hinder 
the existence of your CES? 
5.2 Would you consider your CES to be a 'core' function of your health care institution? 
DYes 
Please elaborate on your answer 















CESs? (Please check [i.e. ~l all relevant boxes on left in the table below) 
b) Please pick a number from the scale, to indicate how significant the factors chosen are to the 
















Adequate physical infrastructure .................... . 
Adequate financial resources .......................... ..... .. 
Adequate human resources .......................... . .... . ... . 
Management/strategic commitment. ....................... .. 
Conducive environment. ......................... . . . ...... . 
Legal framework (e.g. threat of litigation) ................. . 
Logistics support .......... . 
Performance of technical staff ............... . ... . ........... . 
Stakeholder participation ..................................... . 
Recognition or acceptance by clients ....... . ............... . 
Other (Please specify) I 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please continue Section 5 on page 7 
SUSTAINABILITY OF IN-HOUSE CLINICAL ENGINEERING SERVICES 6 of 6 





6 TRENDS AFFECTING CLINICAL ENGINEERING SERVICES 
[QUEST 2] 
• The following set of questious focuses on trends that may have been affecting CESs in recent years. 
• Please answer as much of this section as you can. If YOII are unable to answer any questions, please 
move on to Section 7. 
6 a) Has your department been affected by/experi enced aay of lbe fOllowing (rends? 
(Please refe;r 10 lhe glossary for definitions lind check. [i .e. IZI] all rel evant box.es on lerl) 
o DOI.lInsizing 
'2 0 Economic rationalisation 
3 0 OUisourcing 
4 0 Total quality management 
5 0 Benchmarking 
6 D Re-engineering 
7 0 Globalisarion 
S OOther (pi",. specilj) 
b) Ifso, how? 
Please proceed 10 Secl ion 7 on page 8 
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7 PERFORMANCE/SUSTAINABILITY FACTORS FOR CLINICAL 
ENGINEERING SERVICES 
• The following section focuses on more specific factors that mayor may not impact on the 
performance or sustainability of your CES. 
• Please answer as much of this section as you can. If you are unable to answer any questions, please 
proceed to Part 2 of the questionnaire. 
For each of the factors in the table below, please indicate: 
a) Whether it is available at your institution (Please check [i.e. ~] one box only, in colunm a) 
b) Whether you believe it has a significant impact on the performance or sustainability of your CES 
(Please check [i.e. ~] one box only, in colunm b) 
: , ".; .... :.: 
••• ~yFla~§)~iti~~n~: ' . , " 
,': 
JY~¢t()t$ ! .~) .' Aya1J-af:)J~ at;;~~r , • iprn~¢t()~ : .... : '.: ':: in~tit\l til)n? ,:: ;;::: .. : perfO!Il1~~fij,~ r : 
I:. " ," ", :' ................... ,": , , .. , $ustaUlabJll. ~ '.:: ................ , .. .... ....... ' ............ , .. , ....... - ........... :~ .. :.::.::.:~.:: .. :.::, .: ... , ....................... ... 
I. Presence of hospital-wide risk and safety management o Yes ONo o Yes O No programme, specific to medical equipment 
2. Presence of hospital-wide quality assurance programme, o Yes ONo o Yes ONo specific to medical equipment 
3. Presence of a hazard notification system o Yes ONo o Yes ONo 
4. Presence of incident investigation and reporting system o Yes ONo o Yes ONo 
5. Adequate number of test equipment properly calibrated o Yes ONo o Yes ONo and functional per test equipment type 
6. Adequate spare parts on site for common repairs o Yes ONo o Yes ONo 
7. Availability of regular medical equipment training/re-
O Yes ONo o Yes ONo training programmes 
8. Availability of service manuals (from manufacturers) for o Yes ONo o Yes ONo all equipment serviced/maintained/repaired 
9. Availability of operator/user manuals or instructions for o Yes ONo o Yes ONo all medical equipment 
10. Availability of hospital-wide equipment inventory/asset o Yes ONo o Yes ONo register using consistent nomenclature 
II. Availability of computerised and updated CES medical 
equipment inventory (including supported medical 
equipment, test equipment and spares) based on o Yes ONo o Yes ONo inventory of equipment supported (service, maintenance, 
user-related malfunctions, incidents) using consistent 
nomenclature 
12 Management decisions (relating to needs assessment, 
procurement, decommissioning and replacement o Yes D No o Yes ONo planning) based on inventory and CES equipment 
service histories 
13. Client satisfaction surveys performed o Yes ONo o Yes ONo 
14. Level of participation and communication by CES with 
stakeholders (i.e. hospital management, clinical staff, o Yes ONo o Yes ONo 
manufacturers/suppliers) 
15. Accessibility of CES personnel outside normal working o Yes ONo o Yes ONo hours 
16. Presence of criteria for inclusion or exclusion of medical o Yes ONo o Yes ONo devices/equipment into equip management programme 
17. Presence of continuous quality improvement programme o Yes ONo o Yes ONo 
Please proceed to Part 2 of the questIOnnaire 
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. . . .. 
Part 2 (pages 9 to J J l
CLINICAL ENGINEERING SERVICE INDICATORS 
• The main objective of the study is to develop and test a set of comprehensive key indicators to describe 
the performance, cost-effectiveness and sustainability of clinical engineering services. 
• (An indicator is an objective, quantitative variable that indicates or shows a [jven situation, and thus 
can be used to measure change. It is objective in that the same measurement can be obtained by 
different observers) 
• The critical indicators identified should facilitate standardisation of clinical engineering services; as 
well as allowing comparisons of performance, cost-effectiveness and sustainability to be made between 
clinical engineering services in differing environments. 
The following is a list of proposed indicators (derived from the available literature and current best practice), in 
no particular order. For each of the proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and select it 
from the dropdown menu .. If you are uncertain of the relevance oftbe indicator please select the' Don't 
know' i.e. (0) option. 
Indicators 
Inability to perfonn clinical procedmes or extension 
of patient stay due to medical equipment 
malfunction 
2 Patient (or operator) injmy due to medical 
malflU1ction or lU1availabil· 
3 Patient (or operator) injmy due to medical 
"~,-,-,,,,,,t mis lication 
4 Nwnber of equipment malflU1ctions caused by user 
error/misuse or abuse 
5 Type and number of medical equipment supported 
CES 
6 Percentage of medical equipment supported by CES 
that is nat 
~~~0:0:~~~~~ 
9 
10 Evidence of continuing education! professional 
dev t of CES olU1el 
SUSTAINABILITY OF IN-BOUSE CLINICAL ENGINEEJUNG SERVlCES 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
9 of 9 
II Relative er of different categories of CES 
artisans 
16 Salaries and career paths of CES technical staff vs . 
other healthcare workers 
17 Salaries and career paths of CES technical staff vs. 
similar employees in competing sector 
(pnblid private) 
22 Cost of service vs. cost of outsourced 
servIce 
23 Inventory of spare parts per equipment value 
28 Degree of compliance that has been achieved with 
the established schedule for routine 
29 Percentage of IPMslrepairs performed in-house vs. 
outsourced 
30 Percentage and type of 
IPMslrepairs checked by in-house CBS before 
. to clinical enviromnent 
accordance with 
manufacturer's reconnnendations, as specified in 
service manuals 
33 Evidence of proper documentation of all work done 
by CBS (e.g. service histories), providing strategic 
and operational evidence relating to safety, cost-
) (PMs = Inspection and Preventive Maintenance procedures 
SUSTAlNABILITY OF IN-HOUSE CLINICAL ENGINEERING S ERVICES 
[QUEST 2] 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
P lease select one option 
PI ease select on e option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
10 of 10 
rQUEST 2] 
• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. «Please check [i.e. 1:8:1] one box only next to 











D Neutral D lmportant D 
D Neutral D [mportant D 
D Neutral D lmportant D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D lmportant D 
D Neutral D Important D 
D Neutral D [mportant D 
D Neutral D lmportant D 
D Neutral D Important D 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please save the file as 'Q2e_CED.doc' and email thecompletedquestionnaireto!:lJJ~Q9.Q@~9Im~<;.t.IJ~1:~.~ :~.~ .• at 
your earliest convenience. 
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[QUEST 3] 
TARGET GROUP: CLINICAL ENGINEERING SERVICE CLIENTS 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information about your institution and the Clinical 
Engineering Service supporting it. 
1.1 Please complete the foJlowing: 
(If you prefer (0 remain anonymous, please indicate your posllion or job descriptio)1 and country in (he spaces provided) 
Surname 1 1 First Namellnitial 1'-----_______ ----', Titlel'---___ ---' 
or D Anonymous 
Position/Job Description 1f----- ----------------------------i ..I ... 
Country . 
...•• FrfJ.~.foHoWf~# ii;lor#1?fi18H':-ciisC'Co"";p."..jl:cc'Q.".,na,.".l)7."' . ~: ----~~~~~"'""'....,..,......,..,..~-~~,..,..,...,....,...,...~.,..,. ..,.,.........,.,J. 
ii1~tit*fj:9ri(Fl8~pMl . . 
........•. :: .. Em~lil. ~4qr~ss,;..;:. -,,' ===~"---'-"-'-~"""""""""--""'+~"__'"""1i'_'=="__';i"__""""'~""------""'--,!.:;.c.;.:.;..~~=~=~ . 
'. ·····:······ l'elephQri~ > •. t;=:.==~~='""'-"===~~='+-"'=~=-.c"""-==---'-'-.,....:...;.:.==~=-7""-". 
'. : PoStal. addr:¢s~ •.. . 
.: ,. .. . F---"=~,...,.,..L=..._:.;;."'-="""--'-":....:.;.;.=*="--==+=--'--"-'-'"'--"=--'-'"'-"-""=;.:==...:...;.J · 
·: 9i1Y " ... 
1.2 a) What type of health facility is your institution? 
2 
3 
(Please select one option from drop-down menu or fill in 'Other' field) 
(Please select one option) 
Other (please specify) f-I--------------- -------, 
b) What is the number of beds supported by the health facility? (Please check [i.e. ~] one bo)( only) 
D < 100 
D 751 - 1000 
D 100-250 
D 1001 - 2000 
D 251 - 500 D 501 -750 
D > 2000 (Please specify) 
c) Is your health facility a public sector or private sector institution? (Please check [i.e. ~] one bo)( only) 
D Public sector institution 
D Private sector institution 
D Other (please specify) 1..----------------------, 




an external'" clinical engineering service? (Please check [i.e. 1:8:1] one bo)( only) 
DIn-house CES 
D External CES ( "'regional or centralised workshop/service) 
D Combination of in-house and external CES 
D Not supported at all 
b) If you are supported by a clinical engineering service, what is it called (e.g. Clinical Engineering 
Department, Health Care Technical Service, etc.)? 
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2. ASSESSMENT OF SERVICE 
• The following set of questions focuses on the services provided by the CES and the importance of these 
services to your institution 
Please answer as much of this section as you can. If you are unable to answer any questions, please move 
on to Part 2. 


























services does the CES provide? (Please check [i.e. (gil relevant boxes on the left in the table below) 
NB: The following terms are defined in the Glossary on page iii: technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, equipment 
peiformance monitoring. and quality assurance. 
Strategic technology needs assessment and planning ........... . 
Technology assessment. ............................................ . 
Specification, evaluation and procurement of equipment ...... . 
Asset/inventory management. ............................ . 
Review of equipment replacement needs ....................... .. . 
Cost of ownership monitoring. . . . . . . . . . . . . . . . . . . . . . . .. . ..... . ..... . 
Management of service contracts .......... . . . .. .. .......... . ....... . 
Project management. ................................................. . 
Facilities and plant management and maintenance .............. . 
Training equipment users ........................................... . 
Risk management .................................. . ... . .............. . 
Safety checks .......................................... . ......... . ..... . 
Acceptance testing (incoming inspections) ..................... . . . 
Inspection and preventive maintenance (IPM) ............ . .. .. .. . 
Corrective maintenance (repair) ........................... . ....... . 
Equipment performance monitoring ............................. .. . 
Functional or calibration checks ................................... . 
Quality assurance and improvement. ........................... . .. . 
Research and development/modification of equipment. ........ . 
IT/Computer hardware and networks ............................. . 
Tel ecomm u n i ca tions. ,-' ._ .._. _ .._. _ .. _ .._. _ .._ ..___ ..__ ..__ .__ ,,_ ..__ .__ ..__ ..__ .__ . . __ .__ ..__ ..__ .. __ .__ . . _. ---,' 
I Other (please specifY) 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please pick a number from the scale below, to indicate how important you believe all the CE services 
listed in the table above would be to your healthcare institution. 
Please also rate those services that are not currently provided by the CES. 
(Please select one option tTom drop-down menu on the right in the l1Ible above) 
REMIND ER: Have you rated all of the rated services as listed above? 
Please continue Section 2 on page 3 
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2.2 Client Requirements and Views of Clinical Engineering Services 





2.2.2 In your opinion, what factors contribute to your requirements of the CES not being met (e.g. redoing work, 
excessive equipment downtime, poor response time, unprofessional conduct etc.) 
2 
3 
2.2.3 How does the service offered by the CES influence (a) your ability to carry out your own job in providing 
clinical procedures specifically or (h) health care services in general? 
a) 
b) 
2.2.4 In your opinion, what would be the implications of not having an in-house CES at all (e.g. outsourcing 
medical equipment management and maintenance, as listed above)? 
Please proceed to Part 2 oj/he questionnaire 
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......... ...•. ': 
;:", 
CLINICAL ENGINEERING SERVICE INDICATORS 
• The main objective of the study is to develop and test a set of comprehensive key indicators to describe 
the performance, cost-effectiveness and sustainability of clinical engineering services. 
• (An indicator is an objective, quantitative variable that indicates or shows a given situation, and thus can 
be used to measure change. It is objective in that different observers can obtain the same measurement). 
• The critical indicators identified should facilitate standardisation of clinical engineering services; as well 
as allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators (derived from the available literature and current best practice), in no 
particular order. For each ofthe proposed indicators pJease do tJ1e following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and select it from 
the drop-down menu .. lfyou are uncertain of the relevance of the indicator- please select the' Don't know' i.e. 
(0) option. 
. ...... Indicato.rs .. 
Inability to perfonn clinical procedures or extension 
of patient stay due to medical equipment 
malfl.mction 
2 Patient (or operator) injury due to medical 
,,,,,,~o,nt malfunction or unava 
3 Patient (or operator) injury due to medical 
4 Number of equipment malfunctions caused by user 
error/misuse or abuse 
5 Type and nunmer of medical equipment supported 
CBS 
6 Percentage of medical equipment supported by CBS 




SUSTAINABILITY OF IN-BOUSE CLINICAL ENGINEERING SERVICES 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
40f6 
[QUEST 3] 
J2 Absenteeism of CES personnel Please select one option 
13 CES staff levels per number of beds Please select one option 
l' CES staff levels per number of medical devices Please select one option 
l5 Working space (m') per teclmical CBS staff Please select one optioo 
16 Salaries and career paths of CBS technical staff vs, 
other healthcare workers Please select ooe optioo 
17 Salaries and career paths of CES technical staff vs 
similar employees in competing sector Please select one option 
(public/private) 
, :.r. A'" 'l' -,,,,,,',, 
.. :" . "" . ' . . " -Qi:iSlieffeitiyemiss :' '.".'; ................ ', ...... ' .... . . ,. . '. " ",;r"'~"".",,, ,4:c§;, '''!?'~)c 
18 Allocated CBS budget per year (as a percentage of 
Please select ooe optioo 
the supported equipment inventory value) 
19 Cost (labour and overhead) per hour per CES 
Please select one option 
employee 
20 Cost of CES service per bed supported Please select one option 
21 Cost of CES support as a percentage of capital cost 
Please select one option 
of supported medical equipment, per equipment type 
22 Cost of in-house service vs. cost of outsourced 
Please select one option 
I service pec equipment type 
23 Inventory of spare parts per equipment va lue 
Please select one option 
su~orted 
?&bC~;~ 70 ~':·i~i~0f:fJt0i1mK'1trd~,,;/E14H};~:i'-~tL:: ';~:;·ii:1"~:-¢E;$ ·A~d~·{hg0:$;'ff -;Ugdmf:&:§Ifw.t[M#iHiYi;;~h5JTIttJjf:M 
2, Response time to service requests Please seJect one optioo 
25 Percentage of time devoted to IPMs vs, repairs Please select one option 
26 Total nwnber of IPMs/repairs performed per device Please select olle option 
type per year 
27 Downtime of equipment due to IPMs/repairs Please select one option 
28 Degree of compliance that has been achieved with Please select one option 
the established schedule for routine IPMs/repairs 
29 Percentage of IPMs/repairs perfonned in-house vs, 
Please select one option 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/repairs checked by in-house CES before Please select Olle option 
returning to clinical enviromuent 
31 Percentage of repeat repairs Please select one option 
32 IPMs/repairs conducted in accordance with 
manufacturer' s recommendations, as specified in Please select ooe option 
service manuals 
33 Evidence of proper doctunentation of all work done 
by CBS (e,g, service histories), providing strategic Please select one option 
and operational evidence relating to safety, cost-
effectiveness, replacement needs etc 
\ lPMs = Inspection and Preventive Maintenance procedures 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in the 
empty numbered spaces and rate them according to the scale below. (Please check [i.e. 1:81] one box: only nex:t to each 











D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
D Neutral D Important D 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please save the file as 'Q3e_CLI.doc' and email the completed questionnaire to I~t~p'-.QQ@~Qn.u.':l.~k,),l.~L!lL.£.:~, at you 
earliest convenience 
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TARGET GROUP: MINISTRIES OF HEALTH / HTM EXPERTS 
1. DEMOGRAPHIC DATA 
The following set of questions focuses on general information. 
1.1 Please complete the following: 
(JfYOll prefer to remain anonymolls, please indicate your position or job description and country in the spaces provided) 
1 First Name/Initial 
~--------------~ 
'---_____ ------'1 Title L-I __ _ Surname 
or D Anonymous 
Position/Job Description 
~ollntry 
...... / < :(theJ()I1QWirrg:rn.fqrrri@iolJisOpU()n~p · .. 
..... ; {4stiigtion,lU()~piUU .. ,' 
Em@<t4wtls$ 
.. . Tclepbolle .. 
, Pci~tli1,addiess 
, CUy ... .... 
1.2 a) Are you familiar with a Clinical Engineering Service? 
DYes D No 
If"Yes", please proceed to Section 2 below. If ''No'', please go to Section 3 on the next page. 
2. MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICE 
The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
2.1 a) Does the CES exist as a separate unit (e.g. Clinical Engineering Department, Health Care 
Technical Service, etc.) or part of another department (e.g. Hospital Engineering)? 
(please check [i,e. ~] one box only, and fill in !ext field) 
D Separate unit, called ,-I --------,---------------------1 
D Part of another department (Please 
specify) 
b) To whom does the CES report? 
c) Are you aware of the mission statement of the Clinical Engineering Service (CES)? 
DYes D No D I don't know 
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d) In your opinion, what would be an appropriate mission statement for aCES? 
2.2 a) To the best of your knowledge, does the CES have an appropriate strategy (or business plan) to 
achieve 
its mission? 
DYes D No D I don't know 
b) In your opinion, what would be appropriate objectives in such a plan? 
c) If it exists, does this strategy support the overall strategic plan of the institution/s it serves? 
DYes D No D I don't know 
3. SERVICES PROVIDED BY CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on the services typically provided by a CES and the 
importance of these services to the institution/s it serves. 




(Please select one option from drop-down menu on the right) 
NB: The following terms are defined in the Glossary on page iii: technology assessment, needs 
assessment, asset/inventory management, cost of ownership. facilities and plant management, risk 
and safety management, inspection and preventive maintenance, cOlTective maintenance, 
equipment perfonnance monitoring. and quality assurance. 
Strategic technology needs assessment and planning............. Please select one option 
Technology assessment ................ . .. .. .......................... . 
Specification, evaluation and procurement of equipment. ....... . 
Asset/inventory management ................................. . ...... . 
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Please select one option 
Please select one option 
Please select one option 



















Review of equipment replacement needs ........... . . . . . . . ........ . 
Cost of ownership monitoring ............... . ..... ... ...... . . .. . .. .. . 
Management of service contracts .............. . ....... .. ........ . 
Project management. .... . .................. . . . ........ . .. . . ...... . .. . . 
Facilities and plant management and maintenance .... . ...... . .. . 
Training equipment users ................... .. .... . . . .... . ... . . .. .... . 
Risk management. .................... ..... .................. . ....... .. 
Safety checks .... . ... . . . .... .... ....................... . ... . . .. ... . . . . . . 
Acceptance testing (incoming inspections) ....................... . . 
Inspection and preventive maintenance (I PM) ............. .... . . . . 
Corrective maintenance (repair) ............... ... . . . . . . . .. ..... . .... . 
Equipment performance monitoring ..................... . ......... .. 
Functional or calibration checks .............. ....... .............. .. 
Quality assurance and improvement .. . ............. . . ............ . . 
Research and development/modification of equipment. ........ . 
IT/Computer hardware and networks . .... .. . . ... ............ . . . . . . . 
Telecommunications ............... ....... . ... .... ...... . . . .... . . . ... .. 
Other (please 
I 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
IQUEST4] 
23 Please select one option 
24 Please select one option 







suppliers/agents or third party service providers (e.g. commercial firm/shared service) ? 
(Please check [i.e. ~] appropriate box in table below) 
Training equipment users ..... . .................... . ..... .. ...... ....... D Yes D No D 
Acceptance testing (incoming inspections) .... .. ........ . . ............ D Yes D No D 
Inspection and preventive maintenance (lPM) .. . . . . . . . .... ... . .. . ... . D Yes D No D 
Corrective maintenance (repair) ..... . . . ....... . . . .. .. . .... . . . . .. . ...... D Yes D No D 
Other (please specify) D Yes D No D 
D Yes D No D 
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3.3 In your opinion, what are the advantages and the disadvantages of having an in-house CES, as 
opposed to outsourcing equipment management and maintenance services? 
Advantages of in-house CES 
Disadvantages of in-house CES 
L 
4. ASSESSMENT OF SERVICE PROVIDED BY CLINICAL ENGINEERING 
SERVICE 
The following set of questions focuses on your assessment of the service provided by aCES. 
Please answer as much of this section as you can. If yon are unable to answer any questions, 
please move on to Section S. 
a) In your opiruon, wllat impact does the service provided by a CES have on (i) clinical procedures 
specifically, or on (ii) health care service delivery generally, at a health facility? 
i) 
ii) 
b) In your opinion, what would be the implications of not having an in-house CES at all (e.g. 
outsourcing all medical equipment management and maintenance functions)? 
c) What you believe to be understood by the term "Quality of Service" with respect to a CES'I 
pto 
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5. CES PERFORMANCE AND SUSTAINABILITY 
The following set of questions focuses on your assessment of the performance and sustainabiLity of CES's. 
5.1 Performance 






5.2.1 Would you consider the CES service to be a 'core' bealtllcare function ? 
DYes 
Please elaborate on you r answer. 
5.2.2 a) Do you see the CES's surviving in the next 5, [0 or [5 years 7 
(Please check [i.e. ~J most relevanl bOX) 
Dyes, 5 years 0 Yes, [0 years 0 Yes, [5 years D Not at all 
b) What institutional, organisation al or socio-political environment factors would support the 
existence ofCES's ? 
What in stitutional, organisational or socio-political environment factors would hinder the existence 
ofCES's? 
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CLINICAL ENGINEERING SERVICE INDICATORS 
• The main objective of the study is to develop and test a set of comprehensive key indicators to describe 
the performance, cost- effectiveness and sustainability of clinical engineering services. 
• (An indicator is an objecti ve, quantitative variable that indicates or shows a given situation, and thus can 
be used to measure chanRe. It is objective in that the same measurement can be obtained by different 
observers). 
• Tbe critical indicators identified should facilitate standardisation of clinical engineering services; as well 
as allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators (derived from the available literature and current best practice), in 
no particular order. For each of the proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and select it 
from the drop-down menu .. Tfyou are uncertain oftlJe relevance of the indicator please select the 'Don't 
know' i.e. (0) option . 
Inability to perfonn clinical procedures or extension 
of due to medical malfunction 
2 Patient (or operator) injw-y due to medical equipment 
malflll1ction or lll1av 
3 Patient (or operator) injw-y due to medical equipment 
4 Nwnber of equipment malfunctions caused by user 
error/misuse or abuse 
5 Type and nwnber of medical equipment supported by 
CES 
6 Percentage of medical equipment supported by CES 
that is 
9 
SUSTAINABILlTY OF IN-HOUSE CLINICAL ENGINEERING SERVICES 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
page 7 of8 
10 Evidence of continuing education! professional 
11 Relative number of different categories of CES 
artisans etc. 
16 Salaries and career paths of CES technical staff vs. 
workers 
17 Salaries and career paths of CES technical staffvs. 
similar employees in competing sector 
(pub lidprivate) 
18 Allocated CES budget per year (as a percentage of 
the orted 
19 Cost (labour and overhead) per hour per CES 
21 Cost of CES support as a percentage of capital cost 
of medical 
22 Cost of in-house service vs. cost of outsourced 
servlce 
23 Inventory of spare parts per equipment value 
28 Degree of compliance that has been achieved with the 
established schedule for routine 
29 Percentage of lPMslrepairs performed in-house vs. 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/repairs checked by in-house CES before 
to clinical environment 
32 lPMs/repairs conducted in accordance with 
manufacturer's recommendations, as specified in 
service manuals 
33 Evidence of proper documentation of all work done 
by CES (e.g. service histories), providing strategic 
and operational evidence relating to safety, cost-
needs 
I IPMs = Inspection and Preventive Jvlaintenance procedures 
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Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
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• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (Please check [i.e. ~] one box only next to 
each indicator you suggest) 











D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 










Please save the file as 'Q4e_EXP.doc' and email thecompletedquestionnaireto[]JJ~n9.Q@f.9.!:!gllf.t.\l-fL~.~:.~~.at 
your earliest convenience 
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[QUEST4j 
TARGET GROUP: MINISTRIES OF HEALTH / HTM EXPERTS 
....... :<: .... 
1. DEMOGRAPHIC DATA 
The following set of qnestions focuses on general information. 
1.1 Please complete the following: 
(rfyou prefer to remain anonymous, please indicate your position or job description and country in the spaces provided) 
Surname '-----_______ -----.JI First Name/Initial 1'-----________ 1 TitleLI ___ ---' 









1.2 a) Are you familiar with a Clinical Engineering Service? 
DYes D No 
If "Yes", please proceed to Section 2 below. If ''No'', please go to Section 3 on the next page. 
2. MISSION AND STRATEGY OF CLINICAL ENGINEERING SERVICE 
The following set of questions aims to establish general mission statements and basic strategies of 
Clinical Engineering Services. 
2.1 a) Does tbe CES exist as a separate unit (e.g. Clinical Engineering Department, Health Care 
Technical Service, etc.) or part of another department (e.g. Hospital Engineering)? 
(Please check [i.e. ~l one box only, and fill in text field) 
D Separate unit, called 
D Part of another department (Please 
specify) 
b) To whom does the CES report? 
c) Are you aware oftbe mission statement of the Clinical Engineering Service (CES)? 
DYes D No D I don't know 
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d) In your opinion, what would be an appropriate mission statement for aCES? 
2.2 a) To the best of your knowledge, does the CBS have an appropriate strategy (or business plan) to 
achieve 
its mission? 
DYes D No D 1 don't know 
b) In your opinion, what would be appropriate objectives in such a plan? 
c) If it exists, does this strategy support the overall strategic plan of the institution/s it serves? 
DYes D No D I don't know 
3. SERVICES PROVIDED BY CLINICAL ENGINEERING SERVICE 
The following set of questions focuses on the services typically provided by a CES and the 
importance of these services to the institution/s it serves. 
3.1 a) Please pick a number, from the scale, to indicate how important you bel ieve the service to be. 
(Please select one option from drop-down menu on the right) 
NB: The fol1owing terms are defined in the Glossary on page iii: technology assessment, needs 
assessment, asset/inventory management, cost of ownership, facilities and plant management, risk 
and safety management, inspection and preventive maintenance, corrective maintenance, 
equipment pe1iormance monitoring, and quality assurance . 
.............. ..... ;:-; ... . '.' '$EtfVlC£ •.......•. 
Strategic technology needs assessment and planning ............ . 
2 Technology assessment. ............................. . ..... . . . ........ . 
3 Specification, evaluation and procurement of equipment. ....... . 
4 Asset/inventory management ..... . ... ............. . ................. . 
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Please select one option 
Please select one option 
Please select one option 
Please select one option 




























Review of equipment replacement needs .......................... . 
Cost of ownership monitoring ...................... . .......... . ..... . 
Management of service contracts ................................ . 
Project management. ................................ . .. ...... . .. .. .. . . 
Facilities and plant management and maintenance ....... . .. .. .. . 
Training equipment users ............. . . . ........................... . . 
Risk management. ..... . ................................. . ........... .. 
Safety checks .............. . ........................... . ............... . 
Acceptance testing (incoming inspections) ........................ . 
Inspection and preventive maintenance (IPM) ............... . .... . 
Corrective maintenance (repair) ......... . ................ . ........ .. . 
Equipment performance monitoring ..... . ....................... .. . . 
Functional or calibration checks .............. . .. ............ . ...... . 
Quality assurance and improvement ......................... . ..... . 
Research and development/modification of equipment ......... . 
IT/Computer hardware and networks .............................. . 
Telecommunications .................. . .. .................... . ........ . 
Other (please 
I 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
[QUEST4] 
a) In your opinion, which of the following services could/should be outsourced to equipment 
suppliers/agents or third party service providers (e.g. commercial firm/shared service) ? 
(Please check [i.e. t8J] appropriate box in table below) 
Training equipment users ............................................... D Yes D No D Both/mixed 
Acceptance testing (incoming inspections) ......... . .................. D Yes D No D Both/mixed 
Inspection and preventive maintenance (JPM) ........................ D Yes D No D Both/mixed 
Corrective maintenance (repair) ........ . .. .. ............. . . . . . ........ D Yes D No D Both/mixed 
Other (please specify) D Yes D No D Both/mixed 
D Yes D No D Both/mixed 
D Yes D No D Both/mixed 
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3.3 In your opinion. what are the advantages and the disadvantages of having an in-house CES, as 
opposed to outsourcing equipment management and maintenance services? 
Advantages of in-hollse CES 
Disadvantages of in-house CES 
4. ASSESSMENT OF SERVICE PROVIDED BY CLINICAL ENGINEERING 
SERVICE 
The following set of questions focuses on your assessment of the service provided hy aCES. 
Please answer as mnch of this section as you can. If you are IInahle to answer any qnestions, 
please move on to Section 5. 
a) In your opinion, what impact does the service provided by a CES have on (i) clinical procedures 
specifically, or on (ii) health care service delivery generally, at a health facility? 
i) 
ii) 
b) In your opinion, what would be the implications of not having an in-house CES at all (e.g. 
outsourcing all medical equipment management and maintenance functions)? 
c) What you believe to be understood by the term "Quality of Service" with respect to aCES? 
pto 
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[QUEST4] 
5. CES PERFORMANCE AND SUSTAINABILITY 
The following set of questions focuses on your assessment of the performance and sustaillability of CES's. 
5.1 Performance 






5.2.1 Would you consider the CES service to be a 'core' healthcare function? 
DYes 
Please elaborate on your answer. 
5.2.2 a) Do you see the CES's surviving in the next 5, 10 or 15 years? 
(Please check [i.e. ~] most relevant box) 
DYes, 5 years DYes, 10 years DYes, 15 years D Not at all 
b) What institutional, organisational or socio-political environment factors would support the 
existence of CES' s ? 
What institutional, organisational or socio-political environment factors would hinder the existence 
ofCES's? 
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CLINICAL ENGINEERING SERVICE INDICATORS 
• The main objective of the study is to develop and test a set of comprehensive key indicators to describe 
the performance, cost- effectiveness and sustain ability of clinical engineering services. 
• (An indicator is an objective, quantitative variable that indicates or shows a given situation, and thus can 
be used to measure change. It is objective in that the same measurement can be obtained by different 
observers). 
• Tbe critical indicators identified should facilitate standardisation of clinical engineering services; as well 
as allowing comparisons of performance, cost-effectiveness and sustainability to be made between clinical 
engineering services in differing environments. 
The following is a list of proposed indicators (derived from the available literature and current best practice), in 
no particular order. For each ofthe proposed indicators please do the following: 
• Please pick a number from the scale to indicate how important you believe the measure to be and select it 
from the drop-down menu .. If you are uncertain of the relevance of the indicator please select the 'Don't 
know' i.e. (0) option . 
Inability to perform clinical procedures or extension 
of tient st due to medical maIflll1ction 
2 Patient (or operator) injury due to medical equipment 
malfunction or 
3 Patient (or operator) injury due to medical equipment 
lication 
4 Nwnber of equipment malflll1ctions caused by user 
error/misuse or abuse 
5 Type and nmnber of medical equipment supported by 
CES 
6 Percentage of medical equipment supported by CES 
that is ctiona! 
9 Certification and registration of CES personnel! 
with sional 
SUSl"AJNABILITY OF IN-HOUSE CLINICAL ENGINEERlNGSERVICES 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
page70f8 
10 Evidence of continuing education! professional 
11 Relative nwnber of different categories of CES 
16 Salaries and career paths of CES technical staff vs. 
17 Salaries and career paths ofCES technical staffvs. 
similar employees in competing sector 
(public/private) 
18 Allocated CES budget per year (as a percentage of 
the 
19 Cost (labour and overhead) per hour per CES 
21 Cost of CES support as a percentage of capital cost 
of medical 
22 Cost of in-house service vs. cost of outsourced 
service 
23 Inventory of spare parts per equipment value 
' . . . 
28 Degree of compliance that has been achieved with the 
established schedule for routine IPM 
29 Percentage of IPMs/repairs performed in-house vs. 
outsourced 
30 Percentage and type of outsourced equipment 
IPMs/repairs checked by in-house CES before 
to clinical environment 
32 IPMs/repairs conducted in accordance with 
manufacturer's recommendations, as specified in 
service manuals 
33 Evidence of proper docwnentation of all work done 
by CES (e.g. service histories), providing strategic 
and operational evidence relating to safety, cost-
needs etc 
1 IPMs = Inspection and Preventive Maintenance procedures 
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IQUEST4j 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
Please select one option 
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[QUEST4j 
• The above list is by no means exhaustive. Please add any other indicators you believe to be appropriate, in 
the empty numbered spaces and rate them according to the scale below. (please check [i.e. ~] one box only next to 











D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
D Neutral D Important 
Essential 
Do you have any additional comments, relating to clinical engineering services generally, or on this 
questionnaire specifically? 











Please save the file as 'Q4e_EXP.doc' and email thecompletedquestionnairetor~JJ~-.-!~lQ@S:_9.!".m!.!s:_K.\!.S:L~.~:.~.;\.at 
your earliest convenience 
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F. SUGGESTIONS FOR IMPROVING THE QUESTIONNAIRE 
Several guidelines are provided in the available literature for designing valid, 
reliable questionnaires. The following sub-section, combining viewpoints of 
Zikmund (2000), Alreck & Settle (1995) and Bourque & Fielder (1995), outlines 
guidelines used in the study for constructing the final questionnaires. 
F.l Format of Survey Questions 
There are two basic formats for survey questions: unstructured (open-ended) and 
structured (closed). 
a. With unstructured questions, respondents are free to answer questions in 
their own words. These types of questions are usually used in a preliminary 
qualitative sUlvey to 'get a feel' for the subject, especially when the researcher 
requires information that is not available. While unstructured questions are 
relatively easy to ask and offer the opportunity to probe into a subject, major 
disadvantages include difficulty of processing and analysis, the probability of 
inappropriate answers and an extra effort for respondents. Particular attention 
has to be placed on specifying the range of responses to respondents. 
b. Structured questions provide respondents with a choice of alternative 
(discrete or categorical) answers, usually requiring them to simply check/tick 
the most relevant answer. These question types are more difficult to construct, 
requiring attention to be paid to (i) providing an all-inclusive list of 
alternatives (ii) ensuring that all alternatives are mutually exclusive (iii) 
clustering answers into meaningful categories and (iv) using appropriate 
scales. It is important to allow for the residual 'Other' category in the event 
that all options are not exhausted. Issues of reliability and validity of the 
questions have to be taken into consideration. However, well-designed 
structured questions are easier for the respondent to answer and data provided 
is easier to analyse and compare. 
While the use of structured questions is often recommended for the reasons given 
above, a carefully thought-out mix of the two types could be used to reduce 
respondent boredom and fatigue. 
F.2 Constructing Questions 
The following should be taken into consideration, with respect to the wording of 
survey questions: 
• Brevity of questions 
• Direct focus and clarity 
• Avoiding ambiguity 
• Avoiding vague qualifiers (e.g. usually, sometimes) 
F2 
• Avoiding generalisations and over-specifications 
• Using core vocabulary and grammar 
• Avoiding abstract terms and jargon, using definitions where necessary 
• Stating clearly criteria by which respondents must respond to questions 
• Avoiding inapplicable questions 
• Avoiding requiring demanding recall or thought by respondents 
• Avoiding double-barrelled 1 questions 
• Avoiding leading2 and loaded3 questions. 
F.3 Constructing Instructions 
Given the complexity of the questionnaire, attention would have to be paid to the 
design of instructions to make the response task clearer for respondents. The 
following guidelines are suggested by the literature: 
• Decide whether general instructions will be given In a cover letter, the 
questionnaire or both. 
• Tell the respondents what the questionnaire is about, what they are asked to do 
and why (general instructions). 
• IdentifY places where transitional instructions are needed (e.g. change of 
topic, context for questions that follow) - Describe purpose of each section. 
• Determine whether detailed instructions about filling out subsets of questions, 
are needed. 
• Give instructions about what to do once questionnaire is answered (fax? 
SUbmit?). 
• Set instructions slightly apart from questions and highlight them using 
bulleting, boldface type or uppercase letters. 
• Pay attention to the wording of instructions, as outlined for the wording of 
questions, i.e. keep instructions as clear and simple as possible. 
• State how responses are to be repOlted or recorded, e.g. tick, number, circle 
etc. 
• Clearly indicate which items are to be rated and if only one is to be picked or 
an answer recorded for all items. 
• Describe how the scale is to be used and include an example if the task is 
complicated. 
I Double-barrelled question: having two questions contained within one item 
2 Leading question: questions that lead the respondents to a particular answer 
3 Loaded questions: questions that include some wording or phrases that constitute a subtle form of 
influence 
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F.4 Guidelines for Reducing Instrumentation Bias 
The following guidelines are thus suggested by the authors, when evaluating a 
questionnaire for instrumentation bias, i.e. errors in the instrument due to 
instructions, questions, scales or response options: 
1. Does the question state the criterion for answering? 
2. Is the question applicable to all respondents? Either reword or provide detour. 
3. Does the item contain an example that is also a possible answer? !fso change 
or discard the example. 
4. Does the question require the respondent to remember too much detail or 
recall distant events? Modify or generalise to make recall easier. 
5. Is the question as specific as it can reasonably be? !ftoo general, state more 
specifically. 
6. Is the item more specific than the way respondents think? Make more general 
7. Does the question overemphasize some condition? State in less dramatic 
terms. 
8. Are some words ambiguous? Reword using more commonly used phrasing. 
9. Is the question as free from threat to respondents as possible? Reduce threat. 
10. Is the question double-barrelled (i.e. addresses more than one issue)? 
11. Will yea-sayers or nay-sayers always choose one answer? 
12. Does the question lead respondents towards a particular answer? 
13. Is the question loaded with a reason for responding in a particular way? 
Remove reason. 
F.5 Sources of Response Bias 
Attention would also have to be paid to reducing response bias, which is error 
due to the mentality or predispositions of the respondents. Ten major types of bias 
are outlined by Alreck and Settle. These are described in Figure F.1. 
Figure F.l: Sources of Response Bias (Alreck & Settle, 1995) 
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F.6 Guidelines for Reducing Response Bias 
1. Is the question subject to any of the 10 sources of response bias listed above? 
Ifso: 
2. Can the question be reworded to reduce or eliminate bias? Compose a few 
alternative versions and compare. 
3. Might the instructions be changed so the item isn't subject to bias? Examine 
and substitute instructions for the question, section or scale to reduce bias. 
4. Does the source of bias arise from the choice or form of a scale? 
5. Does the structure of the section or questionnaire induce or encourage bias? 
6. Do the presence or nature of preceding or following questions make the 
question subject to bias? Tentatively rearrange the items in the section or 
move the question to another section to control the bias. 
7. Do the modifications in the question or questionnaire to reduce one fonn of 
bias make it more subject to another? Go to point 1. 
F.7 Methods oflncreasing Respondent Rate 
a. Question Sequence: The order of questions may serve several functions for 
the researcher. Surveys that begin with interesting, simple to comprehend and 
easy to answer questions usually help with maintaining respondent 
cooperation and involvement throughout the questionnaire. The use offunnel 
technique4 within question modules or sections is usually recommended. The 
use of filter questionss, to avoid asking inapplicable questions to some 
respondents is also advised. Conditional branching can also be used in such an 
instance, i.e. respondents can be asked to skip a series of questions and 'go to' 
another section. However, ifmore than a few branches are required within the 
questionnaire, multiple forms ofthe questionnaire should be considered. 
b. Cover Letter: A cover letter providing details about the survey, the purpose 
and importance, who is responsible for the research, the respondent's role, 
possible incentives, access to results, cut-off date and ensuring confidentiality 
of the respondent should be included with the administered questionnaire. 
c. Sending advance letters to respondents, providing incentives if they complete 
the questionnaire, sending reminders to return the questionnaire, providing 
return envelopes have also been found to increase respondent rate. 
d. Finally, particular attention would have to be paid to the layout, question 
numbering and general, ergonomic design of the final questionnaires, making 
them easy to follow, attractive to the eye and professional-looking. 
4 Funnel technique: A procedure whereby general questions are asked before specific questions in order to 
obtain Wlbiased responses. 
5 Filter question: a question that screens out respondents not qualified to answer subsequent questions. 
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